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CEC increases 


the scope of 


Consolidated’s Model 21-610 mass-spectrometer and its 

companion, the new Model 21-620, far excel all other instruments 

of comparable price in performance capabilities and reliability 

in industrial environment \treme sensitivity of 
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control instrument 


CEC Service Engine quick chan f ion analyzers 
(right) adds flexibility to Consolidated’s ts O process moni 
toring mass-spectrometers. A cycloidal focusing analyzer 
assembly of the 21-620 type is being mounted in the 
vacuum rack in place of the Diatron analyzer of the 21-610 

The basic instrument can be augmented by many 
available accessories, thus broadening its application 
scope At the far right. are a gas or light lig iid sample 
inlet system and chart recorder 
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Advanees ue Applied Roduation 


DEVELOPMENTS in the FIELD OF APPLIED 


RADIATION ENERGY, its APPLICATIONS and the APPARATUS USED TO PRODUCE IT 





Chemical Analysis by Neutron Activation 

Samples made temporarily radioactive 
under neutron bombardment can_ be 
analyzed to detect minute quantities of 
impurities or trace components. In many 
“parts-per- 


million” range can be measured. 


cases, concentrations in the 


This technique has heretofore been 
restricted to laboratories having access 
to the intense neutron fluxes obtainable 
in nuclear-reacting piles. But today, with 
the availability of Van de Graaff particle 
accelerators, intense neutron fluxes can 
be produced in industrial laboratories as 
academic research establish- 
ments. With HiGH VOLTAGE’S two-mil- 
AK-N Van de Graaff, 
thermal-neutron fluxes of 


well as In 


lion-volt Model 
for example, 
S$ x 10 sec-cm® are routinely obtaina- 
Activation analysis can be performed 
60 elements with detection sen- 
er than 100 parts per mil- 

his neutron source 
industrial laboratories are 
engaged in exploring the possi- 
this new analytical method. 
unambiguous and are usually 
with litthke sample preparation 
relatively short time. Full infor- 
mation concerning activation analysis is 
now available from HIGH VOLTAGE, in- 
cluding an exhaustive table of all iso- 
topes susceptible to neutron bombard- 
nent. Write for “Activation Analysis 
with Van de Graaff Neutron Sources.” 





High-vacuum Plumbing 
For some time, HIGH VOLTAGE has 
been concerned with the development of 
reliable, standardized high-vacuum com- 
ponents. The resulting design combines 
ruggedness with simplicity and flexibility 
and appears to have applications in many 
types of industrial and laboratory in- 
stallation 
dependex high-vacuum plumbing is 
described in an eight-page bulletin avail- 
able on request to HIGH VOLTAGE. 
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A New Low-cost Supervoltage X-ray Source 


The need for a lower cost X-ray 
source for the precision inspection of 
steel thicknesses from 2 to 5 inches has 
long been felt. For many applications, 


radioactive sources use too much time 


and often leave something to be desired 
in definition or sharpness — and con 
ventional x-ray machines lack sufficient 
penetrating power for the more difficult 
jobs. On the other hand, equipment for 
the production of highly penetrating 
X-rays at energies of one million volts 
or more has involved a capital expendi- 
ture which could be justified only for 
very heavy and specialized industrial 
operations. 

At the recent meeting of the Ameri- 
can Society for Testing Materials, HIGH 
VOLTAGE announced a new one-million- 
volt x-ray generator designed to fill the 
gap. Capable of penetrating steel thick 
nesses up to 5 inches in reasonable 
exposure times, this new unit, our Model 
JR Van de Graaff, is priced at $25,000 
— less than half the cost of other availa- 
ble supervoltage equipment. One unique 
feature of the Van de Graaff for radiog- 


raphy is its small focal spot the 
source of x-rays is less than | mm in 
diameter — making possible the produc 
tion of radiographs with exceptionally 
clear detail. 


The entire unit weighs less than 2,500 
pounds and is about the size of a house 
hold refrigerator. It is therefore easily 
transported by crane or lift-truck. We 
believe that the availability of this x-ray 
source will be of major importance to 
the non-destructive testing techniques of 
heavy industry. 





Columbia University 
The 30-ton pressure vessel for Colum 
bia University’s 6-million-volt Van de 
Graaff accelerator has now been delivered 
to HIGH VOLTAGE 


early 1955, this accelerator will be used 


When completed in 


for obtaining precise nuclear data by the 
university's Physics Department, under 
the direction of Prof. W. W. Havens. 
HiGH VOLTAGE is building this Van de 
Graaff, the third of its kind. under con 
tract to the USS. 
Commission. 
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HIGHLY VALUABLE IN MEASURING FLUX, THE INDICATING FLUXMETER IS ALSO USEFUL IN TIME INTEGRATIONS OF TRANSIENT VOLTAGE. 


Eliminate Costly Flux-measurement Errors with 
Highly Sensitive G-E Indicating Fluxmeter 


Three outstanding features of the General Electric deflection per 100 flux lines is readily obtainable. 
indicating fluxmeter combine to provide dependable 3. AN EXTERNAL CONTROL BOX provides compen- 
magnetic measurement: sation for small extraneous voltages 
1. THE INSTRUMENT is extremely accurate; + 1°, of Price of the equipment, including control box, is 
full-scale deflection, $278.50.* A separate unit for calibration of the instru 


2. UNUSUALLY HIGH sensitivity of 1 millimeter ment over a wide sensiti y range is $58.50.” 
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Bulletin GEC-777, ‘‘Equipment for 
Measuring Magnetic Properties.” 
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COMPANY 
ADDRESS 


COMBINING THE ADVANTAGES of CONVENIENT, POCKET-SIZE gauss meter facili- FOR FURTHER DETAILS about 
the indicating fluxmeter with those of tates checks of flux density and direction in these instruments, simply send 
a G-E strip-chart recorder, the record magnetic gaps. Ideal for use in small or conjested in coupon, or contact your near- 
ing fluxmeter is priced at $780.00.* ireas. Price with reference magnet, case, $67.10.* est G-E Apparatus Sales Office. 


*Manufacturer's suggested retail price 
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LATE NEWS ons commesran 





With the Atomic Energy Act of 1954 enacted into law on Aug. 30, AEC has set 
a battery of experts and attorneys to work interpreting the law and determining 
how to implement it. It is expected to take at least six months before the com- 
plexities of such things as the licensing provisions will be worked out. 

However, action is already being taken on one objective of the law—broadening 
access to classified information. Section 145f of the Act makes possible a new 
category of classified data—so-called “gray” area—access to which will not require 
Q-clearance. Instead, only L-clearance, quickly obtainable without full-fledged 
time-consuming FBI investigation, will be required. Because it is expected that 
much nuclear reactor data—particularly that concerned with things external to 
the reactor core—will be placed in this relatively nonsensitive category, industrial 
activity in the nuclear power field will be facilitated. 

Work at AEC toward creation of gray area is going on in preparation for early 
October meeting in England with British and Canadians. Under tripartite 
declassification agreement, British and Canadians will have say on scope of gray 
area. Hope is that working agreement can be obtained and that gray area can 
be mapped out by year’s end. AEC will follow up by fixing rules to govern 
domestic use of gray-area information. 


AEC has received about 10 inquiries from organizations interested in building 
small research reactors. About half of these are formal applications. The new 
law will ease AEC’s job of doing business with such groups, but to what extent 
remains to be seen. Some things—such as fact that universities will be able to 


borrow larger quantities of fuel without need for a Government custodian in 
residence—are clear under the new law. 


One reason behind formation of European Atomic Energy Society (NU, July 
34, p. 5) was to have formal body for possible dealings with U. S. on President's 
atomic pool proposal. Gunnar Randers, director of Dutch-Norwegian atomic 
project and executive vice president of new society, said last month: “Establish- 
ment of the 8-nation European Atomic Energy Society shows that Europe is 
ready to consider any proposal for cooperation with the United States on the 
peaceful use of nuclear energy, along the lines suggested by President Eisen- 
hower and AEC Chairman Lewis L. Strauss.” The group is tentatively planning 
an international conference in Rome next summer with “the most suitable type 
of reactor” as its chief topic of discussion. 

Efforts are also being made in this country to set up the international nuclear 
conference proposed and sponsored by the President. Nucteonics has heard 
that AEC is going all out on soliciting papers for this conference from all Project 
laboratories. The meeting is tentatively scheduled for the first part of 1955, but 
it is reported that it may not actually be held until 1956, depending upon the 
willingness of other nations to participate and contribute. 


Architect-engineering work on the new $2.8-million research reactor to be built 
at Oak Ridge National Laboratory by 1957 will be by subcontract under Union 
Carbide and Carbon Corp., operator of ORNL. The laboratory will furnish 
design criteria (see article on p. 36 for full design details), and will install reactor 
equipment. The construction contractor will be selected on a lump-sum bid basis. 
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LATE NEWS (Continued) 


The Joint Congressional Committee on Atomic Energy has recommended to 
AEC that it broaden its practice of charging cancer researchers 20% of “list” 
price for radioisotopes so that all medical isotope users would be included (see 
p. 79 for details). The JCAE also recommended that radioisotopes be furnished 
“as elements and in chemical compounds at less than cost for employment in 
selected other fields, such as biology.” One factor working in favor of exten- 
sion of such price breaks is AEC’s conviction that they have resulted in an 


increase in cancer research work. 

® 
South Australia’s $11.2-million uranium mine and concentration plant at Radium 
Hill is due to begin full production next month, and the first exports of high- 
grade uranium oxide to Britain and the United States are expected to be shipped 
early next year. 

2 
Ground was broken at Shippingport, Pa., on Sept. 6 for pressurized water reactor 
(PWR), nation’s first civilian atomic power plant. Classified meeting on status 
of PWR was held in Pittsburgh on Aug. 27 for industrial representatives. 


AEC continues to be a major consumer of metals. In fiscal 1954, AEC used 
4.5-million Ib brass mill products (pure copper sheet, etc.); 13-million Ib wire 
mill products (copper and copper-base alloys); and 860,000 lb foundry products 
including powder (copper and copper-base alloy). In addition, AEC has given 
priority assistance for obtaining 6.5-million lb brass mill products, 3.5-million 
lb wire mill products for related electric power uses (expansion of generating 


capacity ). 


World Steel Corp., Chicago, has requested authority from AEC to use a nuclear 
reactor in a proposed new steel plant in the Chicago area. Company is in- 
terested in boiling water reactor to serve 200-300,000 kw load. 


Competition for architect-engineering contract for Army “package” power 
reactor (APPR), first competitive-bid reactor in country, is fierce. Although 
bids to 33 companies (see Aug. NU, p. 56, for names) only went out at the end 
of August (reportedly delayed until then to await passage of new atomic law), 
strong evidence already exists that many companies are anxious to get this job. 
Bids are due Nov. 24. 

The reactor will be built on a small peninsula in the Potomac River at Fort 
Belvoir, Va., less than 25 miles from Washington, D. C. Because of closeness 
to center of population, special safety precautions will be taken, including using 
a sealed building 29 ft wide, 42 ft high and 80 ft long. 

Although the original Oak Ridge National Laboratory design of the reactor 
called for production of 1,250 electrical kw, this has been upped to 1,700 kw 
because plant will not be tapped for steam, thus permitting maximum electrical 
output. The reactor, however, will be adaptable for dual-purpose use. Thermal 
capacity of plant will be about 10 Mw. 

Bidders have been provided with copies of the ORNL design. However, this 
is merely a guide. Companies have been given considerable flexibility on de- 
tails of design. They will be required to guarantee a limited performance for 
the plant, including the fuel elements. The question of whether a subcon- 
tractor or AEC will supply the fuel elements is left for final negotiation. 
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Jerome D. Luntz, Editor 


A Challenge 


ik THIRD PHASE in the development of atomir 
T. nergy in this country began last month when 
the Atomic Energy Act of 1954 was enacted into 
Phe first phase Was the totally secret mill 

ry project during World War Il. 
is continuation of the 10067 government- 
\tomic 


Phase two 


led activity with the civilian 
Knergy Commission making major strides on 
pushing peacetime applications as a sideline to 
ts military operations Now we enter a new 
vith new legislation specifically designed to 
foster peacetime activities, 
\ though the law has been passed On the 
sumption that it’s urgent for this nation to 
develop peacetime atomic energy, we think it’s 
vorth restating the reasons for this urgency 
First, what will the new law do? It will per- 
industry to build, own and operate power 
etors, and to export them. The government 
be able to give power reactor data and 


Much 


eal information will be placed in a rela- 


yiable material to other nations. 


nonsensitive classification category which 
recessible to many so-called " gray ” area 


Many exclusive patents Will 


ssification 
aL rmitted some will he subject to compulsory 
is Chsihng 


Development of radioisotope 


be fostered because of en- 


ragement of industrial activity 


W, WHY PRESS peacetime activities? bon 
the past decade, the U.S. has unquestion 
bly had the most substantial atomic energy 

vwram in the world measured in dollars and 
ts. i nothing else. Probably at least 90°, 


the roughly $12-billion that’s been appropri 


ated for the program has gone into military ap 
plications. In the minds of many, this has been 
instrumental in staving off a third world wat 

It is thus not in the least Surprising that, since 
atomic energy became a subject for public dis 
cussion In 1945, it has been a symbol of wat 
Now it is within our grasp to change this think 
ing and not merely for the sake of doing so 

\t home, the public Is long overdue on reap 
ing the peacetime benefits of the military effort 
Although we have no urgent need for new low 


cost sources of energy, early 


development of 
competitive nuclear power will not be an un 
wanted event. In fact, predictions have been 
made with good reason that im the coming vears 
appreciable quantities of new power capacity will 
be nuclear rather than coal-produced 

In addition to powell possibilities, industry can 
look forward in 10 vears, according to AEC, to 
savings of $1-billion a vear through use of 
radioisotopes 

Abroad, there is an immediate job this country 
can do Many of the free nations are powell 
poor Nuclear powell plants that can be built 
would be 


today competitive im some ol these 


We can offer them technical informa 


tion or our industry can sell them actual plants 


| xe \romic ENeracy Acer or 1954 1S aimed at 
permitting these domestic and internationa 


sut the mere passage ol the act is 


eountries 


activities 
no guarantee that these things will happen 
Rather, a challenge has been flung at private 
industry by Congress. More than just having 
the opportunity ol developing atomic energy ap 
plications, industry has the responsibility of 


doing so) 
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By V. P. CALKINS 
Aircraft Nuclear 
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FROM THE DESIGNER'S VIEWPOINT, one 


broad aspect of the radiation damage 
problem is of considerable concern 

what materials can be used in a reactor 
and what is their useful life?  Radia- 
tion will change the properties of prac- 
tically 


The amount of change is a function of 


anv material to some degree. 
the material's nature and chemical con- 
figuration, the particular property be- 
ing measured, and the type and amount 
of radiation. But experimental data 
that generalizations 
threshold 
doses for various types of materials. 


indicate certain 


can be made = concerning 
An understanding of damage mecha- 
nisms and dose units permits valid ap- 


plication of the generalizations, 


Mechanism of Damage 


The diagram shows how the most 


damaging types of reactor radiation 


affect organic materials. Ionic com- 


pounds (high-melting salts and oxides) 
are damaged by the same mechanisms as 
metals, but some of the electrons freed 
by fast neutrons are trapped in lattice 
imperfections and form ‘ F”’ centers to 
discolor such materials as viewing glass. 
Heat or light anneal the coloration. 
Because fission fragments have short 
ranges, they will only damage materials 
with the fuel. Ina 
tor, slow-neutron-induced damage can 


in contact reac- 


equal that from gammas. Gammas 


from reactions with 
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neutron-capture 


certain metals will cause increased 
damage when organics are in contact 
with such metals. 

A given number of gammas causes 
considerably less damage to organics 
than an equal number of fast neutrons 
of the same energy. The probability 
of gammas colliding with electrons of 
the organic atoms is not as great as the 
probability of fast neutrons colliding 
with nuclei of the hydrogen atoms. 

When a large volume of organic 
material is present, the intensity of 
the 2.17-Mev gammas resulting from 
slow-neutron capture by hydrogen can 
be about as high as the reactor’s gamma 
flux 


With chloro-organics such as neo- 


and equivalent damage can result. 


prene, the (n,y) reaction produces con- 
siderable damage because of chlorine’s 
high slow-neutron absorption cross sec- 
tion. If nitrogenous 
pounds are exposed to thermal neu- 


organic com- 
trons, damage results from ionization 
caused by the proton from the N' (n,p) 
If the material’s nitro- 
gen content is high, a major part of the 
neutrons 


C'* reaction. 
damage produced by slow 
might be due to this reaction. 
For organic or other covalent hy- 
drogeneous materials containing lith- 
ium or boron, the primary damage re- 
sults from dense ionization caused by 
alpha particles given off after capture of 
slow neutrons by either Li or B. These 
alphas cause considerable damage. 


Radiation units. Damage suffered 
by any material as a result of exposure 
to radiation should be a function of 
the actual energy absorbed or deposited 
per unit mass of material. Since 
y-rays, X-rays, electrons, B-rays, 


slow neutrons produce damage by the 


and 


same mechanism, equivalent damage 
the 
neu- 


to the material should result for 
Fast 
trons, protons, a-rays and fission prod- 


sume energy deposition. 
ucts produce damage by other mech- 
different 
energy relationship might be expected.* 


anisms—thus a damage vs 


Type and amount of damage a given 
material will suffer under any reactor’s 
radiation conditions can be predicted 
with a fair degree of certainty if the 
radiation damage of various classes of 
compounds as a function of absorbed 
energy can be established on a sound 


experimental basis. Such work is in 


* Alpha-ray bombardment of water pro 
duces considerably higher concentrations of 
hydrogen and hydrogen peroxide’ than 
X-ray or electron bombardment produce 
(1). Highly concentrated amounts of hy- 
drogen and hydroxyl radicals are produced 
along the tracks of the heavily-ionizing 
a-particles, whereas X-rays 
cause these radicals to be produced more 
uniformly throughout the 
The higher concentration of 
mits more of the like radicals to combine to 
form HO» and H- 

On an equivalent energy irradia- 
tion bv a@-rayvs produces more He, and He@ 
than irradiation by a combined 
flux of fast and slow neutrons, 


and electrons 


water system 


radicals per- 
basis 


reactor 


and y-rays 


9 
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Alkylbenzene-350 


Alkylbenzene-250 


Viscosity (centistokes) 


O04 O6 O8 1) 12 
Fast Neutron Dose (i0'®8n/cm?) 


U.e 


16 232 348 464 5.80 696 
Dose Absorbed by Alkylbenzenes (10°rad) 


228 304 3.80 4 
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sity as a FIG. 2. Gas evolved in situ from alkyl- 
Common _ benzenes 250 and 350, and Dowtherm-A 
age for as functions of absorbed dose and the fast- 
component of the flu x 
] fast neutron: 2.1] nevu- 


T 300° F 


neutron reactor 


slow 


LOO ¢ 


Component Service Life 


it | t} 


FIG. 3 


zenes 


Viscosity (at 100° F) of alkylben- 
250 and 350 and Dowtherm-A 
plotted as functions of absorbed dose and 
the fast-neutron component of the reactor 
flux (ratio same as in Fig. 2) 
n was 300 F 
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Calculating Energy Absorbed 


Precise 


ileulations of radiation absorbed by a material 
Thi¢ complex and laborious, but approximations 

luce verv useful results. 
From fast neutrons. The amount of fast-neutron en- 
erg bsorbed by an organic compound depends on dose 
i the scattering cross section of hydrogen, which in 
Thus, although 


itron intensities are commonly expressed as neu- 


i tunction of neutron energy. 


f 0.5-1.0 Mev or higher, considerable damage will 
mm neutrons of a much lower energy range. Ap- 
itely 40-50% of the enerev absorbed by an or- 
mpound from fast neutrons in a graphite pile will 
mm neutrons with energies of 0.01-0.5 Mev: and 
than half the « nergy will come from neutrons with 
= of 0.5-1.0 Mev. 


es of neutrons of lower energy are numerically greatel 


This is the case because: 1, pile 


in the fluxes of neutrons of higher energy; and 2, the 
ttering cross section lor hydrogen increases from 4.5 
it 1.0 Mev to approximately 20 barns at O.OL Mev. 
iter-cooled pile, the contribution from 0.01—-0.5- 
neutrons might be only 106% of the total energy de- 
lL by all the fast neutrons. 
tmount of energy absorbed per gram of an organic 
from a fast-neutron dose @, with an average en- 
is k o>, pe, where X, is the macroscopic 
ross section of Hin the material considered. 

fast-neutron energy absorbed is calculated by 
© the energies absorbed from neutrons of each small 
range (using the dose and scattering cross section 
ponding to each energy range). The fast-neutron 
hsorbed at 300° F by alkylbenzene is calculated 
10° rad at a fast-neutron dose of 10'n. e¢m?; 
2 * 10° rad is from neutrons with energies less 
n 0.5 Mev (particularly from those between 0.01-0.5 

> 0.5 Mev. 


nergy absorbed (per gram of mate- 


NI nd 2.0 * 10° rad from neutrons 


From gammas. 


ri gamma radiation can be approximated by FE, 
} ul is the energy absorption coefficient 
f the material for gammas of energy Ly. The 
bsorption coefficient is obtained by multiplying 
babilitv of each interaction process by the prob- 
tion of the photon energy actually dissipated in 
ber as a result of the process, 
benzene’s wy will not differ markedly fromthat for 
for water from ref. (5),a gamma dose of 
2 ; y cm®? and an average photon energy of 2.0 
Mev, / 1.19 & 10" Mev gem 1.9 10° rad. 
From thermal neutrons. Tor the (n.y) reaction. energy 
absorbed per gram can be approximated by £, 


>. p, where F is the average energy of the photons 
gel by the (n,y) reaction. For alkylbenzene at 
300° F and a thermal neutron dose of 2.1 & 10" n, em?, 
E, 1.68 109 rad. 

Combined absorption energy. Total energy ab- 
sorbed per gram by alkylbenzene at 300° F from an inte- 
grated reactor flux of 1.0 & 10'S fast neutrons ‘em? (Ek, 2 
0.5 Mev) plus 2.3  10'8 y/em? (EF = 2.0 Mev) plus 
2.1 & 10° slow neutrons/em? is (2.2 + 1.90 + 1.68) 10° 


10° rad. 


For Dowtherm-A, energy trom both the fast and slow 
neutrons will be less under identical dosage conditions 
because of Dowtherm-A’s lower hydrogen content. 
Since its hydrogen content is approximately 60° % that of 
aulkvlbenzene, the energy that Dowtherm-A absorbs from 


3.4 ONG 
10° 
6.0 1.00 


and from slow neutrons 


od ONH 
Los & 10 ; ( ) O.S4 & LO’ rad 
6.0 1.00 


where 6.0 is the number of hydrogen atoms per em? ol 


faust neutrons Is 


alkvibenzene times 10 7°, and 38.4 is the same quantity 
for Dowtherm-A; 0.86 is the density of alkylbenzene at 
300° F, and 1.00 is the same quantity for Dowtherm-A, 

The gamma energy contribution to Dowtherm-A_ is 
approximately the same as for alkvlhenzene 

The formula used for calculating fast-neutron energ, 
deposition in organics is applicable to small samples ais 
well as large samples. Formulas used for calculating 
slow-neutron and gamma-ray energy deposition apply, 
with fair accuracy, to moderately large samples of or- 
ganics immersed in a sea of like material, i.e., where no 
sharp boundaries exist. These conditions were met for 
the tests conducted on the alkvibenzenes and Dow- 
therm-A since 600-cm* samples were irradiated in alumi- 
num containers in a water-cooled reactor, 

However, the formulas used for slow-neutron and 
gamma-ray deposition do not apply very well to small 
samples of organics tested in a dissimilar environment 
Many of the thermal neu- 

And those captured lead 


to generation of gamma rays, most of which readily 


such as a graphite reactor. 


trons are not captured at all. 


escape from the test system. Similarly, the energy 
deposited by gamma rays will be a smaller fraction than 
that deposited in large samples where no sharp boun- 
daries exist. Therefore, the total energy absorption in 
small organie samples in a graphite reactor will be ap- 
preciably less than in large organic samples in a water- 
cooled reactor (for equivalent dosages and energy spectra 
For small samples (100 em? or less) of the usual organic 
materials in a graphite reactor, this decrease in energy 
deposition by thermal neutrons varies from 90-98 ©, and 
the decrease in energy deposition by thermal neutrons 
varies from 70-75%. This decreased energy deposition 
is reflected in the doses used in Figs. 5, 6, and 7 and in 
Tables 1, 2, and 3. 


lated value that approximately 65% of the total energy 


These doses are based on the caleu- 


deposited will be due to fast neutrons and 35°) will be 
due toa combined energy deposition by gammias (25-307 
and slow neutrons (2-10%). This agrees with calori- 
metric results obtained with the ORNL graphite pile 
;). Use of this corrected dose:radiation relationship 
is justified on the basis that most of the materials shown 
here were tested as small samples comparable in size to 
reactor components. 
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shield will be metallic, thes 


very susceptible to radia- 


re Some materials, such : 


ind ure 


liquid organics Table | 
I interest as moderators 


ind shielding compounds he- 


erable 


heir high hvdrogen contents 
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Although water 
radiation decomposition, an 


attained 


is much 


>» organics 


Fast Neutron D 
pressure ls 
57 onequilibrium pressures re- 


ol organics 
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FIG. 4. Composite viscosity change in 24 gas formed from the or- 
organic liquids plotted as functions of rad ean be bled off readily 
dosage range and the fast-neutron com 

ponent of the reactor flux (ratio 1 

fast neutron: 10 slow neutrons:5 y). All 
liquid hydrocarbons polymerize. Viscosity “ ae 
changes by 25°; just prior to the exponen-_' ; wang 5 
tial increase, thus the radiation dosage for ld De ex partieuiart 
25°; viscosity change can be considered as 
the limit for engineering applications 


proper contain 


not present a 
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eontammer materials 
to hvdrogen embrittlem 
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Methods to Increase Life 


and 2 show that the suscep 


FIG. 5. Tensile and impact strength 
changes of two typical plastics (often used sbles 1 
as insulation) plotted as functions of ab- 
sorbed dose and the fast-neutron com- 
ponent of the reactor flux (ratio same as in 
Fig. 4). Many plastics are less resistant (3) 


power-plant components 


1 funetion of tl 


nts 


» COTporte li- 





TABLE 3--How to Improve the Radiation Damage Threshold 


To 


Fivetold 


Tentold 


Mixture 
1) 


lon 


Renetor, shield 
ind 
Controls, Inorgan 
Instruments 

Antioxid 
Polypheny 
Metallic 
Metallic hose 


Heat engine 








Neoprene 


Tensile Strengthy 


@-Elongation 











FIG. 6. Tensile strength and elongation 
changes in typical elastomers plotted as 
functions of absorbed dose and the fast- 
neutron component of the reactor flux 
(ratio same as in Fig. 4). Elongation 
changes for thiokol, GR-150, Silastic 7-170, 
and Hicar OR-15 show a 25°; decrease at 
about 6 10° rad. Except for GR-150, 
these same plastics show a 25°; change in 
tensile strength at about 6 10° rad; 
GR-150 has a 25°;-threshold value of 
6.5 10° rad (4) 
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Radiation Effects . . . 
Metals 


ied from page &) 


high ambient temperatures) ; and 4, pro- 
ceeds at a decreasing rate and probably — 540° F 
approaches a saturation limit well be- 
low the fully-embrittled condition. 


Was applied to all surfaces of Nickel-A. 


Chromium plating 


After being irradiated under flowing 


Water for 3 & 10" nvt slow, 
surface hardness increases ranged from 
0 to 6 points (Rockwell 45-T scale). 
0.005 in. thick) Two titanium specimens increased | 


point in hardness from Rockwell A-62 





TABLE 1 


Vateria S Fast 


PLAIN-CARBON STEELS 
SAE-1018 


Hardenes 
SAE-1045 

Annealed 

Hardened 
SAE-1095 


Hardened 
SAE-1113 

Annealed 

Hardened 
SAE-1141 
Annealed l 
Hardened l 
STAINLESS STEELS 


Anneales 
347 
Annealed 
Maleomized 
Annealed 
TS-347A 
Annealed 
Shot-peened 
410 
Malcomized 
Maleomized 
Malcomized 
431 
Annealed 
Hardened 


Te " p. 
BF 


150-500 
150-500 
150-500 
70-140 
70-140 


150-500 
150) 500 
150-500 
70-140 
70-140 


7TO-SO 
70-80 


150-500 
150-500 
70-140 
70-140 


150-500 
150-500 


150-500 
150-500 
100-500T 
70-80 
100-500 T 
70-80 
100-500 f 
7O-SO 
d4AOT 
5AOT 
100-500 f 


5AOT 
DAOT 


7O-S80 


d40t 
540f 


Radiation's Effect on Hardness of Metals 


Roe kwell hardness 


NS ale 


1SN 
\ 
ISN 


a] 
lore 


“7 Ss 10 
SI-S83 S5-S7 
20-25 22-25 
76-78 S4 

o> 

14 
21-23 27 
i) 1) 
IS-21 

10-45 


SO-4] 


72-76 


SOG] 
SI-S3 


82-83 
78-80 


9o-= 7 « 


a) “ad 
50-53 5 
SOOO 


89-92 |} 
SI-S5 


90-91 GO 
SI-83 S2-S83 


91-92 92 


64-65 
70-71 


440C 
Hardened 
Hardened 
Hardened 
Maleomized 
442 
Annealed 
446 
Hardened 
USS "W" 
Hardened 
Hardened 
Armco 17-4 PH 
Annealed 
Hardened 
Hardened 
Armco 17-7 PH 
Hardened 
Hardened 
Malcomized 3 
NICKEL AND ITS ALLOYS 
Nickel-A 


70 S80 


100-5007 O4-7S 

Hastelloy-C 

Cast 60-61 69-70 

Cast } 57-OS HOGI 

Wrought 100-5004 ; 25 30 
Wrought ‘ 70-140 

Wrought 


Monel 


94-46 92-905 
AOI } 24-27 27-30 
70-140 S| O5 
DAOT SU] 


70-140 ; 26 0 
dT ; 24-28 25-28 
540t 19-50 53-56 
510t 


Annealed 
Hardened 


Inconel 


oS ou 


70-140 SS 100 
5AOT SO-40 93-102 
Inconel-X 

5 70-140 a) 104 

} 54A0T O4-909 OO 104 


COBALT-BASE ALLOYS 


Stellite-3 


540T 
Haynes-25 
540t 


* Decrease is unexplained. 
ucts caused by leaking container. 


+ Decrease due to « orrosion prod 
t In flowing water 
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TABLE 2 —Radiation's Effect on Tensile Properties of Metals 


NICKEL ALLOYS 


STAINLESS STEELS 
4 ‘ Nickel-A 


304 
| 0 


Hastelloy-C 


{) ) 


HIGH-DENSITY MATERIALS 


Tu gstfen 


\I 
\l 
\I 
Maleor 
440C€ 
Hardened 
Hardened 
Hardened 
Hardened 
USS "W 
Anne 
A\rine 





Shp Oh0ONO) 
(ot Ch) 


Impact Strength 


Tensile Strength 
ASME types SA-70 


Data 


modulus 
CUraAec\ 
related to the 


athe 


analysis or method ¢ irate i t SHOWS i { | | } 
VS linted t \ l ind = hig iperature 


| Itimate tensile stret 


nounced 
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sten, tantalum, and tanta 
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aluminum-killed material, prob- 
the 
imparted by the 


smaller grain size 


added 


Fine-grain size tends to promote lower 


ablv due to 
aluminum. 


transition temperatures, other things 


being € qual 4 


Fatigue Strength 
Fatigue strengths of stainless-steel 

304, Grade I 

m, and double-melted 245% tin- 


Corl ll 


tv Me 


ziV- 


crystal-bar 
zirconium alloy were unaffected by 102° 
10’ nvt fast at 140° F 


nvt slow and 


and 540° F, 

Density, Dimensions 
Nine structural metals 
it 7O0-140° F for 4 107° 

ww and 3.5 * 10° fast. 

and 


were il'- 


nvt 


metals average percent- 
Stellite-3 
Monel 


SA-212 


stainless 


changes were: 
+O.11), 


density 
+ O.06 stellite-6 
Nickel-A 0.07), 
steel 0), and 
0.06), 347 0.09), 
Ta 0.04), and 410 (—0.05). 
rboloy grades 444A, S83, 905, 907, 


0.05). 
carbon 


pes 316 


999, tungsten carbides and tan- 
carbides with cobalt binder were 
ited for 4 10" 
10 nyt fast. Some dimensional 


ves were above probable experi- 


nvt slow and 


il error; densities decreased 0.3 


vithout any correlation to the 
mensional changes, 


nickel 


were 


with 
150A) 


the same conditions as the 


inium = earbides 


Kennametal Wra- 
under 
materials. Specimen lengths 
and widths decreased by 
reentages (O.1-0.25 % Den- 
d 0.5 0.6% 


] 


rens¢ 
lum and tungsten densities de- 
0.10 0.15%. It 


and de- 


tantalum- 


0.20-0.25% for 


that large density 


confined to sintered car- 


seen 


iterials. 
Magnetic Susceptibility 
Stainless steels 
Metallurgy 
susceptibility 
The 


netic-susceptibility 


ORNL’s 
Division increased in mag- 
1019 
Guoy-method 


tested by 


net alter nvt 


SLOW and 


types 
percentage 
=) were: two 304 specimens (533 
179), 316 


Type 309 (25% 


and 


907 
12% 


o28), 309 (6OS4), 


Cr, 


Herty, D. L. MeBride, 
nvestt. U.S. Bu Vines, Carnegie 
nst. Techno and Mining Met. Advisory 
Boards, Bull. 67 (1934 
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TABLE 3—Radiation's Effect on Notched and Unnotched Nickel Alloys 


Elon- 


gation 


ts 
Vate- . ; 10 


rial* Slow Fast lh in.?) // 


Monel 
U 70-1404 85 
J 7TO-LAOF 96 
~7O0t SO 
~70] ST 
SHADY QI 
70-1407 129 
70-1407 « 
~70t 2. 
~703 Isl 


133.5 


123 
14 
127 
124 
133.5 
211 
226 
212. 
200 


i 2 ef f-3-5-1-i-) BP 2 2 ft ff 7-7 


Inconel 
I 70-1404 
70-1407 
~70T 
~70¢ 107.: 
HOS 11S 
70-1407 151 
70-1407 172 
~70] 14S 
153.0** 
160.0 


106 
116 
108... 


~703 


DADS 


Vate- 


)* 
riat 


Inconel-X 
| 70-1407 
5 70 140 
~702 
~7T0? 
DADS 
70-140 
70-140 


N 
Hastelloy-C (wrought) 
0 0 FO 140 
5 1 70-140 
0 ~70 
0 ~703 
DAOS 
TO-1404 
70-140 
0 ~70! 
0 ~70t 
SAOS 
Hastelloy-C (cast) 
{ 0 0 
U 1 5 
l 0 0 
H 5 
* | unnotched sper 
i In dr 
t Stored in air at room temper 


wecentuate the effects of irradiation 


specimens ealed containers 
iture so as to 
uid ine 
gz water. Er 

ed before test 


e the effects of 


pile corrosion S In flowin 
rat ** Specimen prestre 


ing in an effort to approximat 


irradiation 





Ni) affected than the 1IS-S 
types (its austenite is more stable). 
Austenitic, 


tion-hardening 


was less 


ferritic, and precipita- 


stainless steels were 


irradiated in flowing 540° F water for 
o X 10" 


were 


nvt slow. Measurements 


made with an Aminco-Brennet 


Magne-Gage. The types (and aver- 
age percentage susceptibility increases) 
annealed (0), 347 Cb-Ta 
annealed (100), 347 Cb-Ta shot-peened 
(350), 431 hardened (14), 431 annealed 
(20), 442 annealed (5), Armeo 17-4 PH 
17-7 PH hardened (11), 
Uss “Ww” 


stainless 


were: 329 


hardened (4), 
17-7 PH Maleomized (30), 
(10). Austenitic 
columbium-tantalum 


hardened 
steels, types 347 
annealed, 3847  columbium-tantalum 
shot-peened, and $29 annealed, were 
magnetic before irradia- 
noted 


only slightly 
tion and the relative increases 


were large. Ferritic and precipitation- 


TABLE 4 Radiation’s Effect on Im- 
pact Properties of Boiler Steels* 


fran 
tion Var 
lemp energy 
Vate- , enep 


Slou I ast 


change chanae 
rial 
SA-70 
125 
SA-212 
8 125 
9 S 125 
0.8 0.2 580 
0.8 0.2 125 
Aluminum-killed 0.34-carbo 
0.8 0.2 125 +20 i 
0.8 0.2 300 +20 2 
0.8 0.2 350 +20 1 


* Small specimens were used, thus values 


and ranges of absorption are relative 
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hardening allovs displaye 

tial values and relati 

INCTEASES A tvpe-446 ha 

men showed an IS&% d 

over, a 5°, decrease 

type-446 specimens ir 

flowing water for 5 

and 4 & 10' nvt fast 

mens showed no change 
Ir wiintion } 

phisise tl 

to ferritie iro 

net useeptibilit 

ever the rount 
ufficrent] ge 

ciable meres ein 


tibilit 


Electrical Resistivity 
ORNI \letallurg 

that queneh-anneal 

types S04 

mickel-lase 

telloy-( 

ifter beimy 

flowing water fo 
Austenitic s 

309, and 347 

electrical resi 

slow and 4 

flowing water 

perature 

change 
Tantalus 

mained { 

slowand 5 » 


resistivit 


CONCLUSIONS 


The data indiente 
properties ol renetor 
are not fected catast 


irradiations up to about 10 


Further work is needed t 


the variables of fast flu 
ind) temperature The 
proach to damage satu 
verified JO CHUSE fu 
ition as high as 10%) 
countered in central 
metals must be stud 


flux ranges 


New Designs For Power: 





Fluidized- and 
Liquid-Fuel Reactors 


with Uranium Oxides 


Gaseous or heavy-water suspensions of natural 

or slightly enriched uranium can provide good 

heat transfer, integral processing, a high conversion 
ratio and possibly self-control of reactivity when 
they are used as a movable fuel for a power 
reactor. Several flow schemes have been evolved 


from rheological reactor-model studies 


By J. J. WENT* and H. de BRUYN# 


Dd } nt Group, Neth nds Rea 


fit this ideal bill « 

l COUS SUSPeNnslon 1 
in this article also Teas The first type cannot 
water both as 0 made critical with natural uranium 
d suspension liqu he high temperatures, making slightly 
uses 2 fluidized bed of dry wiched uranium necessat If the 
hat makes highet outiet tem- cond ews heterogeneous both veo- 
sible Both tvpes mak ind thermally, it is probably 
ratios possible ey- ossib vith natural uranium, even 
nal details and mh : t mperatures The tubes 
i this article re also , ning he concentrated suspen- 


lv enriched reactor on and providing therm nsulation 


D.O Suspension Reactors 
\ iuvge thermal reactor with only 
leuterium and oxvgen in the 
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between suspension and moderator, 1, Uranium-oxide suspensions in heavy water are stable, don’t 
should absorb few neutrons. flocculate, so that a 
Feasibility problems. In a suspen- 
on reactor the following conditions 
uld be fulfilled: 

1. Suspension should be stable in a 
l-chemical sense. This means 
lation can occur and that par- 
mtacting one another can easily 
again. This stabilitv has to 
ined at the high temperatures 


desirable in nu powel 


dable settling should not 
homogeneous particle dis- 


n the suspension and in that 

the loeal reactivity The 

SETTLING VELOCITY STUDIES of fine UO. powders show no flocculation in waters of 
6.3 to > 10 pH at room temperature, 1 atmosphere pressure. Settling time be- 


fore photographing is 1] hour. At 250° C and 35 atmospheres, stability still exists 


ference between the specific 
uranium oxides (UQO.-10.9 


7.3) and that of heavy water 


l 


high rate of settling. 2. Homogeneous liquid-suspension reactor is feasible. Heavy 
attention should be water imposes 300 C limit 


e settling problem. 





ispension should remain. suthi- 


stable and homogeneous under ~--~-Condenser 


onditions ~~-D2 and 02 
cosity of the suspension should Recombination unit 


that it can readily be -—~--Gas trap 


an external heat 

pl hree woy valves 

liable pumps, with- 

w parts, should be used for 4 

Cyclone- 

Injection- 
diameter of the partie les mixer 


radioactive suspension. 


1] 


maltler than the mean free 7 


- Vertical boffies 





the fission products, so that yf 

7 . Sr. 

on nuclei will leave the par- SS ; 
: Gos WWM, Liquid 

in automatic separation of purification 44 purification 
poisoning fission products oc- column y f column 














Dilution 


uranium oxides the mean free 








tbout 10-154. In dilute sus- r~~-Reoctor core 


Pressure 
is in the present case, the tank =~ r~~-Beo Reflector 

will be stopped in’ the 

Plutonium will remain ; Gos-tift aga 

; ‘valy larce particles pum 

' elativels sarge parts 1s, pump Heot "9 f 
Suspensions. © the different ura- exchonged Hh 
les UOs, U.Ox, UOs and inter- , 


ite oxidation states, UO» with its | 


Iranium content is of most oa 
It is very likely that the 
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~ 





all oxides consist of hexa- — Primary fuel circuit 








ranium oxide in hvdrated form. 


it is understandable that the 





masurements of UO. and 
the same results. Studies 
own in Fig. | prove that 
; Outlet 
on ean be avoided. 
viscosity of heavy water LIQUID SUSPENSION REACTOR uses injection mixer above core to homogenize 
onsiderably with rising fuel. Vertical partitions reduce cross-flow. Downward water flow at settling 
velocity maintains suspension uniformity. Construction has been tested, simulating 
10 uw UO: particles in 300° C water. Gas-lift pump circulates fuel. Cyclones at 
reactor and storage inlets control particle concentrations. Ideal heat exchange 
inside core results in automatic internal reactivity adjustment. BeO reflector 
idiation and the fission reduces neutron capture by tank walls 
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the settling velocity (not 
increases with tempera- 


high values. 





3. Dry suspension can be fluidized by vibration, and . . . 


ration 


ition 


IDEAL HOMOGENIZATION of dry powder oc- 
curs in vibrating double cone. Section through 
cone shows circulation caused by vertical os- 
cillation. Basis is the fact that powder will it nst ion and has internal tem- 
move along a flat surface vibrated in a direc- : 

perature regulation. Heat extraction 
tion at an angle of 30--60 degrees with that ' 25 M ar 
surface rh as 25 Mw/ton U when 

vater content of the reactor 


neat removal 


Heterogeneous D.O Reactors 


Heterogeneous suspension reactors 
pletel settled suspension 
process has been investigated t : 
— ugh tubes inside 
JEEP reactor (1 At a flux of ; na is means that a I ue 
, ] ! ilk These reactors 
10"! n/em? see, the stabilit rel I nt rs ind ¥Y) activity 
Iiffects of higher fluxes are st 1 i, more or less automati 
known. Flocculation by po design. The principal 


ions originated from. fission products n problem Is maintaining suspensio 


With natura 
ction ane 
ch more 


omogen 


that are transferred to the water phas niori Without anv moving 
SUSDeNS1O 


need not be feared Ls tl elIr co U! I { COT As Fig. S shows , 
tion will always be extreme \ 1 bY plac ing an injection asi 
Pumps. A rotating pump ms ibovVe > core to homogenize the inlet 
too vulnerable for the high! udio- — { The uniform fuel slurry ther 
active suspensions, and electro downward through the core 
netic pumps are not suitable di 0 elocity equal to the settling veloci 


quid) SUSpensio} 


the low electrical conductivity of tl f suspended uranium oxide 
suspension; therefore gas-lift  ] ps i¢ With no relative motion of } wu" © outlet 
should be used, The di rel l ( ; and water inside the core 

over-all specifie weight of the susper » trouble arises from uneven pat 

sion with a large gas content 

gas-lift pump and of the suspensio Discharging the completely settled 
without gas in the re r and | Isp ion from the storage tank is done 
exchanger supplies the it to I iution The low fluidits 

see Fig 2). The. efficier ol i ettled suspension Is increased 

gas-lift pump (about 40° SI time dding 10% wate 

than that of a rotating 

(O/ A second disadvanta | bsence of internal parts me 
relatively large volume of the pumy nve m ratio will be high 

On the other hand, the onstruction ( reactor has automatic 

Is extremely simple and 1 | ind tivit idjustment (. becat 

the gas stream bubbling ou trie the il it contact between 


SUSPeTision removes 





Liquid Fuels for Reactors 


Four different types of five ca he ¢ ngurshed 
1. Solutions of 


this type have been b 
/} 


Geneous distrib itior 


» } . , 
B. Solutions or Spe f ) avy ae dH 
} ; 


liquid with a density et fo that imium containing par 
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Boiling beds are used in industry on 
I; 


a large seale as they ensure thermal 
homogenization. However, the boil- 
ing state is intolerable inside a reactor, 
as reactivity would change too much 


and too tuast. 


Two other means of fluidization may 


be used. One is the vibrating bed (Fig. 
3) in which complete mixing occurs. 
Gas is not important in this system. 


The dimensions of this type of vibrating 
reactor vessel are rather limited, as the 


demand inereases too much 


energy 


with size 


The other type of particle movement 
s the “sandglass’” motion caused by 
gravity and called the mor ing hed. 
Particle mixing occurs to a slight de- 
gree, if at all, in this movement. 


Enrichment vs reactor design. 
ithe 
reactors with fluidized solid fuels can 
be built the 
a mixture of UO. and 


homogeneous or heterogeneous 


However in homoge- 


neous renetors 


BeO must be used, that means the fuel 


must be moderately enriched. Since 


i vibrating reactor vessel should be 
small, highly enriched fuel would be 
needed. As weare interested in natural 


or slightly enriched uranium reactors, 


only the heavv-water-moderated fluid- 
is discussed. 


ized heterogeneous tvpe 


Reactor design. The heterogeneous 


fluidized UOs reactor fuel circuit (Fig. 


t) employs all three means of moving 


solids: moving bed through the reactor 


tubes, homogenization at the outlet by 

i Vibration unit, and gas fluidization 

from then on in the heat exchanger. 
Low cross section material like BeO 


is. desiral the 


ible for reactor 
These are believed technically possible. 


tubes. 


\s thermal insulation between tubes 
ind moderator, porous BeO bricks con- 
taining stationary heavy water could 
be used. This insulation is such that 
through a l-em layer not more than a 
few per cent of the fission energy will 
be removed 

Pneumatic material transport 
through the external heat exchange: 
will not cause Important erosion. The 
hardness of uranium oxides is only 
about Moh 4, and therefore erosion of 
the uranium oxide itself is probable. 


Advantages. The heterogeneous 
fluidized reactor offers several impor- 
tant intages compared to its coun- 
terpart, the heterogeneous settled wet 
The temperature is 
1 to 300° C; 600-700° C is 


ven at such high tem- 


suspension type. 
not limiter 
feasible. 


qu te 


peratures no pressure is needed in the 
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4. Heterogeneous fluidized-fuel reactor can operate at 600° C or 


higher 


Secondary 
cyclone ~._ 
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Fiuidized fuel circuits 
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—Heovy woter 


----Reoctor tube 








= - Core tank 
w- —-~--Graphite 
ae reflector 


See detail 








HETEROGENEOUS REACTOR is fueled 
by dry suspension flowing through BeO 
tubes as moving bed. Vibrating dis- 
charge unit fluidizes particles leaving 
reactor. Preheated gas stream trans- 
ports fuel through heat exchanger to 
reactor inlet cyclones that separate gas 
from solids. Secondary cyclone re- 
moves UO» dust formed by erosion in 
fluidized section. Graphite reflector 
reduces neutron leakage. Separate 
cooling circuit keeps heavy-water mod- 
erator at 50° C 


system. The adjustment of velocity 


inside the tubes is much easier with 
this sandglass vibrating-bed system. 
Moreover in the heat exchanger and 


all pipe lines, cyclones, ete. outside the 
reactor, the expensive heavy water is 
not needed. Finally, it is important 
that this reactor can be operated with 


natural uranium. 
* * * 


The authors wish to ack 
ance of M. E. A. He 


assist- 


newledge the 


mans who made the sta- 


Uranium -oxide powder 
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Detail of vibrating discharge unit 


Patents are pending on 
thed 
presente dat 


Lility measurements 
several of the details and assemblies des 
This article is based on a paper 
the American Institute of Chemical Engineers 
International Congress on Nuclear Engineer- 


ing, Ann Arbor, Michigan, June 23, 1954 
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Weinberg says we need: 


“A Scholarly Tradition 
> - In 
Dy ASN Nuclear Development” 


ALVIN M. WEINBERG, research di 
rector of Oak Ridge National 
Laboratory, Oak Ridge, Tennessee 





The uncurbed pace of nuclear development has created a wealth of practical 
experience, but only at the expense of curtailed growth of theoretic, historic 


and pedagogic doctrines underlying the technology. This article tells why 


these fundamentals, the core of a scholarly tradition, must be developed 


My primary Ai in this article is t t, we notice that scientists 
urge the establishment and strengt! the the ire hot sell-consclous Or apol 
ening of a scholarly tradition int CH ( Lat pursuing their career 
technology or why , it-conscious when tl 

I ought first to explain v exists a community of authorities wi 
mean by the seholarly tradition i eommon language who understand 
a heavy technology \ll 
heavy technologies-—for example el rain, the tradition Is \ 


nautics, heat engineering, or commul f there is a scholarly journal read by 


Cations engineering——have levelope vould understand the field :if the: 


along two complementary paths ! ire treatises and recognized authorities; 


the one hand, there is a boc t pra ere Ss pedagogic activity 


l y 
tical experiences and practi SUCCESSES highes vel: if it is not nece 
the DC-7's or the Ljuns trot tut start every chmieal discussio 


bines or the TV network vith whiel preliminary baby talk; if the mo 


most of the technicians are neerne ng standards are used in judging 


al 
and Upon Which most of the mone pie of research, even though less than 


spent. On the other hand, there is the he late In Care is sufficient to make 


body of theoretic, histort ind ped the results practically useful Above HO ( technol 


fowl doctrine that undet : " tradition is well deve oped if prote rs, must often 
technology and that ts the meern of re are scholars in the field: people 
the technology's “longhairs ind pr » take pleasure in understanding the 
lessors It is the pursuit ogv's fine points and history ‘xpected to establis! 
sion of this theoretic, histo ay BE ee ee ae 3 : 
vident that nuclear develo] I believe secreey is only one, 

pedagogic doctrine that I or various reasons, been y : : z 

ii ae and possibly not the most im- 
scholarly tradition ail he OE ude : : 
yped In establishing @ scholarly — portant, reason for the com- 


How do we recognize a well- trad ! parative lack of a recognizable 
developed scholarly tradition in Secreey has surrounded the develop- scholarly tradition in) nuclear 
a technology? ment. One can hardly have a development. 
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the fact that 
“urs have passed since the 
first chain reaction was achieved.  Al- 
tradition takes 
These 12 


been spent in frenetic ac- 


There Is ol course, 


barely 12 \ 


most by definition a 


time for its establishment. 
years | ive 
tivity: the military implications of the 
so important that few have 


time to sift over the fine details, to tidy 


Work ure 


upthethinking. Again, because every- 


one is so extremely busy, there has been 


too little opportunity either to record 
the technology's state or to assimilate 
its historv. All of this is much agera- 
vated, at least in our country, because 


we do our work on so lavish a seale, 


and because we are necessarily in a 


hurry to build operable gadgetry; it is 
mpract il to take the time necessary 


to see that every detail is completely 
understood, if an approximate theory 
or expensive 


result. 


An excellent example of how 
our understandable necessity 
for building reactors in- 
fluenced our approach to the 
fundamentals is afforded by our 


has 


experience relative to the Ca- 
nadians during the war. 


were primarily responsible 
lor ind had the build, f 


chain reactor as soon as Pos- 


money to 
sible Ve ere not able to devote much 
higher-order diffusion the- 
we used a simple diffu- 
mation ino all our design 


Placzek and his group 


n Canada, not being perpetually im- 


engineers who wished 


to build somethui an implacable 


ww On 


chedu had more time; the beautiful 


ind painstaking work they did on the 
high-order corrections to lattice theory 
st star mong the most significant 
contributions to reactor theory. 


other technology, 


(As has every 
clear technology 
ected child of 

isie sciences. We 


perhaps the most unnatural 


y, nu- 
has In some sense be- 
its parental 
I sup- 


pliysicists, 


Pose ine 

marents in this regard: some of us have 
long since begun to call binding-energy 
nuclear physics “engineering.” As for 


reactor plvsies, I have heard at least 
one brilliant theoretical physicist  in- 
terested in group theory dismiss reactor 
physicists as ** Bessel function” physi- 
cists, perhaps unaware that the greatest 
group theorist, Eugene Wigner, is also 
the greatest reactor physicist. 
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integral method will give 


concern 
with nuclear development has 
become a_ slightly 
able occupation. 


In some quarters 


unrespect- 


It seems to me that the development 
of a sound and vigorous scholarly tra- 
dition in nuclear energy will do much 


What is 


important or interesting in science is, 


to dispel this unhealthiness. 


if we are honest, in surprisingly large 
what the com- 
thinks is 
There are 

fields of 


science that have withered, not because 


degree determined by 


munity of investigators im- 


portant and interesting. 


innumerable example Ss (Ol 
they have become less important but 
because they have become less fash- 
ionable. The development of a strong 
tradition, especially in the universities, 
in the specialties underlying nuclear 
binding-energy 


energy—for example 


nuclear physies and reactor physics, 
transport and reactor theory, radiation 
chemistry and metallurgy, mammalian 
radiation biology —will insure the kind 
of continued interest in our technology 
that we expect and need from our com- 


gy generations of scientists 


in 


One way in which the schol- 
arly tradition is growing in the 
universities is by people from 
the atomic energy projects mov- 


ing into the universities and 
establishing curricula in nu- 


clear energy. 

I might mention Professor C. Kk, 
Seck and the group at North Carolina 
State College who operate the first uni- 
versity research reactor; or Professor 
Manson Benedict and his nuclear engi- 
Massachusetts 


neering curriculum. at 


Institute of Technology; or the several 
among them Penn State, 
Michigan, Vanderbilt 
University, which are planning to build 
With the expected 


relaxation in secrecy we can hope that 


universities 


University of 


nuclear reactors. 
the beginning of the scholarly tradition 
represented by these university activi- 
ties will be much enhanced 

It is particularly appropriate to dis- 
cuss the scholarly tradition on two 
First the 
ence of new professional-society activi- 
ties in the field of 


are a manifestation of such a tradition: 


accounts: because exist- 


nuclear technology 


and second, because recent meetings 
in the United States have been graced 
by the presence of so many British and 
other 


resentatives, 


Kuropean atomic energy rep- 


We in the U.S. have always looked 
toward our European friends for much 
of the fundamental thinking in 
technologies. We are 
of the strongly dominant position occu- 


oul 
not unmindful 
pied by scientists of European origin at 
the beginning of the American project, 
of the intellectual inspiration given to 
us by Fermi, Szilard, and Wigner 


Although American work in 
nuclear energy now proceeds on 
a colossal seale, we still believe 
that there is a need and a place 
for pursuit of the technology 
on a smaller, more leisurely, 
and more scholarly basis than 


it is pursued here, 


We are much impressed in our coun- 
try with the pre-eminence of the British 
group around B. Davidson in the field 


ot transport theorv, with the beauti- 


elegant integral neutron 
Von Dardel of the Swedish 
group, and with the daring 
the best 


French engineering, represented by the 


fully experi- 
ments by 
technologi- 
eal advances, in tradition of 


high-pressure nitrogen-cooled  renetot 
at Saclay. 

At the banquet given for the visiting 
the Oslo meeting by the 
Michelsen Institute Is 
head of the Norwegian 
ect, spoke, perhaps wistfully, of 
Materials Testing 
ceeds the flux of most European reae- 


delegates at 

Christian 

proj- 
the 


Reactor vhich ex- 


Randers, 


tors by two orders of magnitude Dr. 
Randers asked how European) coun- 
tries incapable of putting as much 
money into the development, could 
expect: to) compete with us | hope 


remarks serve to answer Dr 
that 


money per technician, we have no more 


these 


Randers while we have more 


brains, and we certainly have less time 


than the Europeans. 


Of the 
sary for establishing and nur- 
turing the scholarly tradition, 
I would place money a_ poor 
third to time and brains. 


commodities neces- 


We Americans shall therefore con- 
tinue to look to the European nuclear 
technology for a good share of the 
profound intellectual endeavor upon 


which the scholarly tradition, and there- 
fore the long-term suecess of the tech- 
nology, must ultimately depend 
* * * 
This article is based ona speech prese nted at 
the American Institute of Chemical Engineers’ 


International Congress on \ 
ing, Ann Arbor, Vichigan 


sclear Engineer 


June 22, 1954 
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’Scintillation 
LMA pipes, 


FIG. 1. 
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Annular dog counter (K-9) utilizing liquid phosphor and eight photomultipliers 


A Large 47 Gamma-Ray Detector 


The K-9 annular scintillation counter accommodates a 9- 


measurements. Utilizing 8 photomultipliers, the counte 


kg dog for whole-body 


r is relatively 


insensitive to source position; lower detection limit is 0.002 ug radium in a dog 


By M. A. VAN DILLA,* R. L. SCHUCH, 7 and E. C. ANDERSON} 


IF RADIOACTIVE MATERIAL retained by lioactive material in the animal and 
an experimental animal emits penetrat- the degree of self-absorption in the tis- 
ing y-ravs, external measurements can — sues The radioactive materials used 
be made with G-M counters (7), scintil- n these experiments are Ra**®, Ra 
lation counters (2-4), or ion chambers ind TI These nuclides are all bone 
», 6). Development of large quid seekers and are the parents of y-emit- 
scintillators (7-9) has made it possible ting daughters 
to construct a evlindrical scintillator 4x counter. The problem of un- 
large enough to accommodate an adult known geometry can be solved with a 
beagle dog (Figs. 1 and 2 lr 7 counter large enough to sur- 
ound the source completely. If all 
Theory parts of such a counter have uniform 
The problem for whieh this eounter tivity and if the liquid thickness Is 
was designed is the determination of 1 number of mean free paths of the 


the quantity of y-ray emitter contained — &mutted photons, then output counting 


in dogs (beagles) of relatively standard rate 1s independent of the position of a 
weight (9 + 1.5 kg) independent of source of negligible self-absorption in- 
Variations in the distribution of the le the counter. In such a counter, 


ill the photons emitted by the source 


* Radiobiology Laborator ( " F ire absorbed in the liquuid scintillator 
Medicine, University of Utah, Salt Lake respective of source position. If the 
City, Utah , 4 

resultant light from : arts ol the 

t t hiversits ot Califort 1 | \ ss t “s t a mm ill part : he 

Scientific Laboratory, Los Alat NM liquid diffuses to the viewing photo- 


= 








multip iers with equal eflicieney, out- 
put counting rate is independent of 
source position. 

Self-absorption. (iamma-ray at- 
tenuation in the source itself may not 
} , 


e negligible In the case of beagles 


that have been injected with radio- 
active materials, the emitted y-rayvs 
have quantum energies of the order of 
| Mev and a mean free path of about 


Hen e 


self-absorption cannot be ignored. 


5 in. of water (or soft tissue). 

To get a qualitative idea of seltf- 
absorption effects, consider the case of 
a small y-ray source (iv | Mev) in- 
side a slab of water d in. thick. Let 
the source be a distance x from one tace 
of the slab and d x from the other; 
consider only transmission in the x di- 
rection and ignore scatterings othe 
than the first. If d < L, 


the mean free path of 1-Mev y-rays in 


where L is 


then the fraction 


watel ibout 5 in.), 
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rom one tace 


“79: 


2L 


nd hence ve nearly independent of 
I-ven if dis approximately equal to 
L. emergent intensity varies relatively 
ttle tl Thus, for d = 6 in. and 
f, rit ( culation of J 7, as a fune- 
tir ( shows that J J» varies be- 
tween maximum value of 0.65 at the 
curfaee Qor 6in.) and a minimum 
ue of 0.55 at the center (Cr 3 in.) 

a ay 
This is, of course, a much over-sim- 


fied example, since it ignores mul- 


tiple scattering and the degradation in 
energy of the scattered photons. It 
-erves, however, to indicate that re- 

mse of a 4a counter should be rela- 
tive nsensitive to source position 


even when the source is moved around 


ide an absorbing medium. 


Design 

The number of photomultipliers to 
one of the principal prob- 
large 


in the design of 


lems involved 
scintillation detectors. Jecause of the 
expense of the photomultipliers and the 
difficulties of installation and = main- 
is desirable to reduce the 
the 


with adequate pulse height and energy 


tenance, it 


number to minimum consistent 


resolution. 
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FIG. 3. 


In earlier work with large liquid sein- 


tillators, where both uniform and high- 


energy resolution was essential, 2.5 
of the total wall area was oc upied by 
the 2-ft 


) 


photocathodes 32 tubes for 
evlindrical pilot model, Fig. 3) (7 
Since the pulse-height spectrum from 
radiations of the 
and their daughter 
diffuse, 


the complex gama 
fu, RdTh, MsTI 
products was expected to be 
especially after degradation in the dog, 
no attempt was made to obtain good 
detector volume. 


deliberately 


resolution over the 
Rather, 


snerificed for photomultiplier eCCONOMY 


resolution Was 


Preliminary study. ‘To establish 
the extent to which the number of 
tubes could be reduced, «a preliminary 
study was made using a 2-ft® evlin- 
drical detector l6-in. diameter and 
16-in. height) originally designed (7) 


5819) photomultipliers 


Inte- 


with 32 type 
connected in parallel (Fig. 3). 


gral counting rate was measured for 


background and for a O.l-uwe Ra ampule 


placed in the center of the detector 


solution. The discriminator was set 
at 0.5, 1.0 and 2.0 Mev, 
ber of photomultipliers contributing to 


Results are 


and the num- 


the signal was varied 
shown in Table 1. 
this 


energy resolution to show a peak in the 


since detector has sufficient 
differential pulse-height spectrum of a 


single y-rav emitter, there are com- 
paratively few low-energy pulses in the 
spectrum. 

With fewer tubes, the light-collection 
varies more 


rhis 


efficiency is smaller and 


over the volume of the detector. 








Two-cubic-foot cylindrical detector (32 tubes) 


broadening red stiitt- 


has the effect of v 
differential spectrum to lowe! 
If the integra! 


the only 


ing the 


energies, vite is set low 


enough Pulses lost are those 


initially just above the 


thus 


few that are 


gate setting: integral counting 


rate is essentially unchanged by redue- 


ing the number of tubes Ii the num- 


ber ot tubes is reduced too far, tube 


noise begins to appear and background 


rises rapidly. Energy resolution, of 


course becomes PrOogressiVels 


Note that the 


poorer 
as tubes are removed 
counting efficiency for a discrimination 
level of 0.5 Mev is about 0.60 count per 


radium disintegration 


Design of K-9 

On the basis of the preceding results 
it was concluded that eight photomulti- 
pliers (four at each end of the annular 


sensitive volume) would be 
for K-9 (Fig. J 
light 


veometry, 


adequate 
Jecause = of the 
KX-9 


with 


inferion collection in- the 
its compared 


thought 


annular 
eviindrical geometry, it) was 
undesirable to try fewer tubes. 

The liquid seintillator is contained 
between two coaxial evlinders, each 2S 
9-in. diameter 


thus 


in. long, one having a 
and the other a 
the 
liquid shell 28 in. long, 9 in. id., 
thickness, 
The photomultipliers were placed at 


17-in. diameter; 


sensitive volume is a cylindrical 
fein, 
wall and with open ends. 
both ends of the shell to minimize the 
mass of shielding required. 

Counter efficiency. In K-9%, the 
eight photocathodes constituted about 


0.5% of the total area. If the 


23 


wall 

















FIG. 4. Method of mounting photomultipliers 


detector were spherical with the eat] 


odes uniformly distributed (wl 
true to a good approximation for the 
2-ft* evlindrical counter), then the 
tion, S, of the emitted light eventu 
reaching the photocathodes wou bye 


approximately 


S=Flitrtt(rt 
F1/(1 rt 2 
where F is the fraction of wall ares 
covered hy the photo athodes ris thre 
reflectance of the wall coating mult 


and ¢ is transmission 


plied by (1 F 


a reflections per meter ol 


ht path is im 


ersely proportional ti 
nnular thickness Theretore higt 
eflectivityv is more Important im 
counters than in’ evlindrics 


The pr 


oblem 


of transmission through 


thre ution has been solved by propel 

ent choice and purification and by 
the use of secondary solutes to shift the 
emission spectrum to longer wave- 
engths For example the mean free 
path at 4,150 A in purified toluene is 
100 meters and in purified triethyl ben- 


of the solution for the average ht zene is ™~os meters. 
path between reflections. In pract i The problem of a suitable reflecting 
detectors, Fo is small (of the lf ce still awaits satisfactory solu- 
1%). However, as both reflectance tiot The preceding rough analysis 
and transmission approach unity, S emphasizes the extreme Importance of 
approaches unity and all the light tl problem in improving light collec- 
collected. Although this theoretica tion and conserving photomultipliers. 
limit cannot be reached ino pract In the present studies. white Tvgon 
good reflectance and transmission make ename was used, where triethyl ben- 
S considerably larger thar F | OO! el the sol ent Tl Is enamel! is not 
example, if rt 0.8, then S F ) ifficiently toluene resistant, and Pa- 
rt 0.95, SF 20 Bot] ind ¢ fic white baking enamel? is used with 
must be close to unity for S’F to be t iene Unfortunately, the pigment 
much greater than unity; that is, it both these enamels appears to be 
does no good to improve one if the TiO., which, as pointed out by P. R 
other is poor RY has very poor reflectance below 
In the case of annu t 1OOO A Unless secondary solutes are 
counters (as K-9), Eq. 2 does not lded to shift the emission spectrum of 


even approximately 


number of reflections is re 


light created in the middle of thy 
tillateor 
the ends 


to reach 
The 


meter of li 


number of reflect 


vht path ls rt t! I 


per 


for the evlindrieal detecto n faet 


24 


henvl (3.300-3.S800 A) or of di- 


vazole 3.500-4.000 A 





TABLE 1-—Effect of Number of Pho- 


tomultipliers on 2-ft* Cylindrical 
Detector 
O.1 pe Ra net eps; 
Vo ntegral rate above eneray | 
) 0.5 Me 1.0 Me 2 Me 





Signal 
52 2,170 1.490 170 
lt 2,100 1.350 943 
a) 2,220 1,250 167 
1 2,220 710 125 
| instabl 260 be 
Background 
2 2,500 1.320 520 
1G 2,200 1,140 127 
s 2 500 OO 345 
| 2 500 S35 24 
1.Q00* 130 150 
I ‘ ‘ t v 
Olige velengths (10, 17), the reflee- 
tivit quite poor (50% or less at 
3.S00 A Addition of alpha-naphthyl 
phen oxazole, which moves the emis- 


rum to 3,.900—4.600 A “ik 


yp 


it 4,150 A great improves reflect- 
nite Fhe search for better reflectors 
is being continued 

Construction. The detector tank is 


-thick 
s-in.-thick 
0.015 in 


the !4-in 


to 


stee|] outer 


stainless 


wall being welded 


end plates The inner wall 


thick and the in- 


tae " 
vas welded ih place 


terior Was painted with white Tygon 


paint to improve the light collection by 
wiltipliers 


> photon 
method of 


Miple, eas 


changing tubes as well as minimizing 
the d ger of lenkage, the tube-mount- 
ing svstem shown in Fig. 4 was used 
rhe knurled metal sleeve has a 3-mm- 
thick curved-glass window (optical lens 


insure sufficient strength 


» the end 


A-] adhesive.t The 


with Armstrong 


sieeve screws into 


the detector tank, and a tight seal is 
pre le | t Vellumoid gasket im- 
pregnate with clea Tygon paint 


The photomultiplier is held in position 


by the O-ring fitting around the tube 
Dase al squeezed inward by a bevel 
cut nside the rear lock ng since 


on the O-ring is normal to the 


phot t er axis, the tube can be 
locked into anv desued position with 
respect to motion along the axis It is 
therefore possible to adjust the tube 


position with respect to the 


With ( irdless ol tube length 
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Kach photomultiplier must be opti- 
cally coupled to its curved-glass win- 
dow to obtain maximum light collee- 
tion the end the 
RCA 5819 photomultiplier has a rather 
irregular shape, a thin Lucite disk was 


Since window of 


with an 
cleat This Lucite disk was 
molded to the same curvature as the 3- 
Thus, 


only a small amount of silicone stop- 


cemented to it optically 


cement.* 
mm-thick eurved-glass window. 


cock grease Was needed to couple the 
photomultiplier optically tothe curved- 
Note that the photo- 
t has not vet 


glass window. 
multiplier shown in Fig. 
been treated in this way. 

The scintillator solvent is triethyl- 
with 
activated alumina (coarse grain). The 
scintillator is 4 gm of diphenyloxazole 
PPO) per liter of solvent with 0.01 gm 


benzene purified by treatment 


of 2-(1l-napthyl)-5-phenyvloxazole 
(aNPO) per liter of solvent. Actually, 
toluene is a better solvent in that it is 
considerably than 


triethylbenzene, but at the time K-9 


more transparent 
was built a coating was not available 
that was both a good reflector and re- 
sistant to toluene. 
Circuit. The 
nodes are fed from a single well-regu- 
lated high-voltage supply; 
are connected in parallel and feed into 


photomultiplier dy- 


the anodes 


the input of a fast, high-gain pulse am- 
plifier (Los Alamos model 503). The 
amplifier drives a fast counting-rate 
meter (Los Alamos model SOO); count- 
E’sterline- 
For 


is used; a dis- 


ing rate is recorded on an 


Angus recording milliammeter. 


weak samples, a sealer 
criminator with a variable upper gate 
ean be introduced to improve signal- 
to-background ratio. 

The photomultiplier circuit is con- 
Bleeder 


are 0.47 megohms, with 1 


ventional. resistors between 
all dynodes 
megohm between photocathode 
and the first dynode. Anode 
The last two 


dynodes have 0.005-yf by-pass capaci- 


(ground 
resistors are | megohm. 
tors to hold their potentials constant 
at high 
taken out through 0.002-uf capacitors, 


counting rates. Signals are 
the low-voltage sides ot which are con- 
nected to the preamplifier input grid. 
The bleeder network of each photo- 
multiplier is decoupled from the com- 


*Gelva, manufactured by Shawinigan 
350 Fifth Ave., New York 1, N. Y 


advantages in an alternative 


Resins 
+ There are 


irrangement in which all the anodes are 


connected together and a = single anode 


resistor and output capacitor are used. 
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mon high-voltage supply by an RC 
filter, the resistor R of which also serves 
to equalize the gains of the photo- 
multipliers. 

Gain equalization is accomplished by 
a separate experiment. Each photo- 
multiplier and its dynode network is 
connected to a supply voltage of 
+1,100 volts. A Nal(Tl) crystal, to 
which is fixed a Cs!’ source, is coupled 
optically to each photocathode in turn. 
The output-pulse distribution is ana- 
lvzed, and the value of 2 for each of the 
eight units is adjusted to give equal 
photopeak. 
A group of 20 photomultipliers was 


pulse heights for the Cs!* 


examined in this way, and eight were 
selected on the basis of minimum noise 


under conditions of equal gain. 


Operating Characteristics 

In determining operating character- 
istics of K-9, measurements were made 
of background, response to radium and 
radiothorium sources, effect of source 
position in the counter, and effect of 
shielding on background. 

Tube noise, background. 
of K-9 to background and to gamma 


tesponse 


a function of discrimina- 
Output 


counting rates are very high compared 


radiation as 
tion level is plotted in Fig. 5. 


to conventional scintillation counters 
because of the large mass of phosphor 
involved. At the standard K-9 oper- 
ating condition (1,100-volt supply volt- 
age, 104 gain, 10-volt bias level), about 
6% of the background is due to tube 
noise. 

Since the counting rates from K-9 are 
so high, the time required to achieve a 
statistical 
than for conventional counters. 


smaller 
Table 


2 shows the results of background meas- 


given accuracy is 


urements on three successive days; 21 
measurements of the time required to 
collect 50,000 background counts were 





TABLE 2—Background Fluctuations in 
K-9 


Fractional standard 


Vean deviation 

hack- Single 
Date ground Vean Mean observation 
(1954 (cps (erp. (theo (erp.) 
Jan 20 495 0.005 0.001 0.023 
Jan 21 499 0.005 0.001 0.023 
Jan 22 506 0.005 0.001 0.024 








Note that the ob- 
served fractional standard deviation of 
the mean is quite small (0.005), but it 


still is larger than the Poisson value by 


made each day. 


a factor of 5. This is no doubt due to 
the fact that 


spectrum of K-9 makes it more sensi- 


the steep pulse-height 


tive than usual to instability in the 
electronic gear. For 30-min counts on 
both sample and background, the limit 
of detection (30) is about 10 eps and the 
+ 10°) is 40 


numbers 


limit of measurement (to 


cps. As shown later, these 
correspond to a radium content (assum- 
ing no radon exhalation) of 0.002 ue 
and 0.01 ug, respectively, in a beagle. 
For purposes of comparison, the maxi- 
mum permissible burden for beagles 
(based on O.1 wg for humans) would be 
0.014 we radium; the natural K* eon- 
tent would be equivalent to about 0.002 
pe Ra. 

It is interesting that the background 
is still appreciable at high bias levels 
and that the pulse spectrum levels off 
at about 100 eps. These pulses that 
trip the discriminator at 


high bias 


levels are very large compared with 
ordinary pulses due to y-rays, as can 
easily be seen on a triggered oscillo- 
scope. They are due to high-energy 
cosmic ray particles (primarily u-mes- 
ons) traversing the phosphor. In trav- 
ersing K-9, these particles have a path 
length in the phosphor of roughly 10 
in., compared with a path length of a 
few millimeters for the Compton recoil 
electrons produced by ordinary y-rays 
(kv = 1 Mev). The 


path lengths is about 50; assuming the 


ratio of these 
average specific ionization to be roughly 
the same, the meson pulses should be 
larger than the y-pulses by a factor of 
about 50. This is about what one ob- 


serves with a triggered oscilloscope. 
The frequency of meson pulses can be 
calculated from the meson intensity at 
a 4,500-ft elevation (Salt Lake City), 
which is about 1 meson em?,/ min (12), 
and the K-9, 
which is 3,020 em?. Hence the meson 


flux through K-9 is about 50 mesons 


cross-sectional area of 


sec, accounting for about half the ob- 
served counting rate at high diserimi- 
The rest is presumably 
and 


nation levels. 
due to high-energy electrons 
photons. 

Because of the leveling off of the in- 
tegral background spectrum, use of an 
upper gate materially decreases back- 
ground with only a small loss of signal; 
thus, a lower gate at 10 volts and an 


upper gate at 25 volts reduce the back- 


25 
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sources. igure 5 1 
sponse of K-9 to asm 
unpule placed at the 
of K-98 as a funetion of 
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10% oan 10-volt i 1 n 1 
4 8 12 16 20 24 28 


efliciene, ' 
Source Position (Inches from End 2) 


counting 








counts per radium a 





the integral pulse-he 


. FIG. 6. Response of each end of K-9 to Ra 
Fig. 6 shows little or no st t irce as function of axial position 
is not surprising because 


y-rin\ 


y spectrum ol radium 


ters and since a 
low atom number 
light collection efficien 
the worst spectrometer 
Figure 5 also show 
simihir experiment using 


Response as 


of radiothorium (Th 
with its daughters. v 
height spectrum in tl 

to that of radium (Ra 
more large pulses. I} 
high 


cially the 


average 
2.62-Mev 4 
the spectrum of the 
The Th 


counts per Th a 


qu witut 


counting 


separately. 


Response of each end 
To vet | I 


each end of K-9 in see 


some 1en ol the 


fl radium ampule shiel 
thick 


produce a 


lead disks was 
‘disk’ of 
axis of this radiation 
to coincide with the K-9 


counting rate, with th 
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FIG. 7. Response of K-9 to Ra and RdTh 
sources as function of axial position (upper 
phantom; with 


curves no lower 


phanton 


curves, 


taken wit! 
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TABLE 3. Response of K-9 to 20-In. 
Radium Line Source Averaged Over 
Angle 


TABLE 4 Response of K-9 to 20-In. 
RdTh Line Source Averaged Over 
Angle 


Phantom 





R Phanton Radia 
116 in. SOUPCE I'»y in 
Vo Phanton helou distance Vo Phantor helou 
phanton centered cente) im phanto / / center 
0 104 0.73 0.74 0 0.99 O.S1 0.82 
} 1.05 0.77 0.79 Lig 1.00 0.83 O85 
; 1.10 3 1.0] 
the line source of radium as a function y-ray background has been substan- 


The effect of rotat- 
off-axis line source around the 


of radial distance. 
ing the 
counter axis is small (+2°% or less) and 
is not shown. Counting rate increases 
cent with radial distance. 
ilso that it makes little difference 
the phantom is centered or is 
the K-9 axis. 
through the 
phantom is 72% + 3%. Similar re- 
in Table 4 
transmission for 


au Tew per 
Note 
whether 
lowered 1!, in. below 
transmission 
for radio- 


suits are 


given 
thorium. Average 
this source is 83% + 2%. 

Effect of shielding on background. 
When unshielded, K-9 background rate 
standard operating conditions in 
Lake City 1.500 
ind 3,000 cps, depending on location. 
With a 4-ft-long evlindrical lead shield 
around K-9, of l-in. wall thickness and 


under 


Salt varied between 


with open ends, the background fell by 


a factor of 3. As noted previously, an 
additional factor of 2 is obtainable by 
using an upper gate. 

Considerably more data have been 
obtained on the effectiveness of shield- 
counter at 
This 
half the size of K-9, 


similar annular 
7,300-ft elevation). 


Ing on &A 
Los Al 


ceountel 


imos 

is about 
Table 5 summarizes the effect on the 
background of this counter of various 
amounts and types of shielding at such 
integral bias level that 1.5-Mev y-ravs 
The 


counter was located in the basement of 


are counted with 17% efficiency. 
a two-story reinforced concrete build- 
ing, where there is some reduction in 
the hard-cosmic-rayv background but a 
large increase in the local y-ray back- 


ground. Since this increase is due to 


relatively soft y-ravs, 2 in. of lead at- 


tenuate it considerably, as shown in 
Table 5 
Hg is effective in attenuating y-rays 


Note that an inner laver of 
due to contamination of the lead.  Ex- 

usually 
the local 


perience indicates lead is 


slightly radioactive. Once 
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tially reduced, an upper gate is very 
Thus, the background is re- 
while the K*° 
counting efficiency is reduced by only 
about 20%. 

Measurements on dogs, rats. 
Measurements have been made in K-9 


effective. 


duced bv a tactor of 3 


on beagles injected with radium and 
radiothorium and on rats injected with 
radium. 

To date, a 
varying in weight between 8.3 and 10.4 


group of eight beagles 
kg has been studied after injection with 
These dogs were meas- 
uite! 


radiothorium. 
ured immediate, injection and 
showed a self-absorption of 16 + 2%; 


n agreement with the 


this number is 


phantom self-absorption of 17%. Self- 
absorption did not correlate with 
weight. Variation of counting rate 
with the dog’s position in K-9 was 


negligible 
In the case of the dogs containing 
Ra??6, 


position in 


variation of counting rate with 
negligible. 
makes the 
measurement of self-absorption more 


ilso 


K-9 is 
tadon exhalation, however, 
difficult; experiments sre underway to 
determine this quantity. Inany event, 
it would be surprising if this number 
turned out much different from the re- 
sult obtained with the phantom (28%) 
In the case of the complicated radium- 
K-9 
exhalation 
The 


former gives the amount of radon re- 


radon elimination problem, the 


measurements and radon 


studies supplement one another. 


tained and the latter gives the amount 
of radon exhaled. Their sum gives the 
true radium content. 

fetention studies with rats are being 
In this 


utter 


carried out at this laboratory. 
work the animals are sacrificed 


about two weeks and bottled in form- 


aldehyde in 1l-quart Mason jars. Con- 
trol animals are sserificed soon after 
injection (before any excretion can 


TABLE 5—-Effect of Shielding on In- 
tegral Background of Los Alamos 
Annular Counter 


Shielding cps 
None 630 
2-in. Pb floor under counter 100 
Floor + 1 wall (2 in. Pb 330 
Floor + 2 walls (2 in. Pb 260 
Floor + 3 walls (2 in. Pb 220 
Floor + 4 walls (2 in. Pb 175 
Floor + 4 walls (2 in. Pb rool 
(2 in. Vb 90 
Floor + 4 walls (2 in. Pb rool 
(4 in. Pb S80 
Floor + 4 walls (2 in. Pb roof 
(4in. Pb) + 1'y in. Hg inside Pb 65 
Floor 1 walls (2 in. Ph roof 
(2in. Pb) + I's in. Hg inside Ph 66 
With upper gate 20 
No Pb, 1'5 in. Hg only 110 





oceur) and bottled in the same way 
When measured by placing the jars in 
K-9, the Ra2*® samples showed a self- 


absorption of 18%. 


* * * 


We are indebted to Dr. Wright Langham 
of the Los Alamos Scientific Laboratory for 
his enthusiastic support of the de opment of 
this detecto and fo making possiile us 
construction Our information on the proper- 
ties of the liquid scintillate systems was 
obtained from D fF \ Hayes of the Los 

t/amos Scientific Laboratory, who also sup- 
plied the solutes used Garth Westenskou 
and David Taysum of the University of Utah 
gave wuahle assistance ’ esolving elec- 
tronic and mechanical problems Lon Soren- 
son and Richard Mille ( ty of Utah, 
gave aluable technical a star and took 


most of the experimental data This article 


is hased on work done the auspices of 
the f NS. Atomic Energy Cammission 
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Failure and Disassembly 
of Los Alamos Fast Reactor 


Here is how ‘‘Clementine'’ was torn down without contaminating area 


or endangering personnel. 


Reactor disassembly was necessary, early in 1953, 


after coolant became contaminated by a ruptured fuel element 


By E. T. JURNEY 
Lo tlamos Serentific Laborat 


Los Alamos, New Mexico 


4 


Thermal 
column 


sz Oluminum 
jacket-~_. 


Fz] concrete 


[ ] Boron plastic 


a Steel 


PLUTONIUM RODS AND NATURAL-URANIUM SPACER RODS, 

in 6-in. high array, form core, are contained in 6-in.-diameter 
mild-steel tank; mild-steel cage prevented rods from moving 
under coolant flow. Mercury coolant was pumped through bot- 
tom of pot, around rods, and out through top to external electro- 
magnetic pump and heat-exchanger system. Evaporative water 
cooler connected to exchangers dissipated heat developed by 
reactor and pump. To sustain fast-neutron chain reaction, mod- 
erating materials were excluded from reactive region. Around 
fuel pot was 6-in.-thick natural-uranium reflector (silver-plated 
blocks arranged as cube); |,-in. aluminum jacket, embedding 
cooling tubes, surrounded uranium cube; 6-in. steel, followed by 
4-in. lead, surrounding jacketed uranium, produced 38-in. cube. 


REACTOR SHIELD was alternate 3-in. layers of iron and Masonite 
and, later, iron and boron-impregnated plastic, for total 30-in. 
thickness on three sides of cube, and, finally, 18-in. heavy aggre- 
gate concrete. No shielding on cube's fourth side allowed for 
graphite thermal column. Top reactor shielding was removable 
laminated sections and heavy aggregate concrete blocks. Space 
above fuel inside steel pot was filled with reflecting and shielding 
plug conforming to materials in top shield. Over-all reactor 
dimensions were 1] * 15 9 ft high 
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LINED, EXPERIMENTAL PORTS penetrated shield and reflector 
cube. Bismuth-block “window” allowed neutrons to reach ther- 
mal column. Since no material has sufficiently high fast-neutron- 
capture cross section to provide safe reactor control, control was 
accomplished by interchanging parts of uranium reflector with 
boron-10. Four control rods, made of B'” cylinder situated just 
over similar natural-uranium cylinder, operated in holes in ura- 
nium reflector, parallel and very close to pot; each rod produced 
reactivity change of ~0.4', 0K K. Reflector ‘safety block,” 
which could be made to seat against bottom of reactor pot or to 
drop 3 in., produced reactivity change of ~1.3‘, 6K K. Nega- 
tive reactivity temperature coefficient amounted to 2.6 « 10 
6K K °C. Since Xe poisoning presented no problem, reactor 
could be operated on any on-off schedule. 


AT NOMINAL OPERATING POWER, 25 kw, fast-neutron fluxes were 
10'' n sec cm* at innermost ends of experimental ports and 10 
n sec in well collimated external beams. Energy spectrum of 
these neutrons was similar to slightly degraded fission spectrum; 
at intermediate positions in ports, spectrum was greatly enriched 
in very-low-energy neutrons, especially near hydrogenous Mason- 
ite shielding. Thermal column provided fluxes of 10''-10'n sec 

cm". (Circled letters are cuts in coolant pipes, see Fig. 2. 
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rs ALAMOS Fast REACTOR 
Clementine”), a 25-kw fast-neutron 
research reactor, was brought to full op- 
in March, 1949. After 


four year’s operation, pluto- 


powell 


ntamination of the mercury 
cessitated its dismantlement. 
Clementine’s useful — life- 
tor produced radioactive 
plied neutrons for fission- 
eriments, permitted a sur- 
tal neutron cross sections in 
2 Mev range for many elements, 


l ibled 


itaract: production and fast- 


study of high-energy- 


elastic senttering. 


Deterioration 
In Mareh, 1950, a-activity in the 
dant led to the discovery 
ind plutonium contamina- 
a few weeks’ delay to 
luction of core radiation in- 
the fuel pot was opened. 
nspection showed that one 
spacer rod had ruptured; plu- 
icetivity had evidently 
After the fuel 


id been leak tested, the reactor 


red-in Dhaterial. 


reassembled with dummy steel 
dacing the uranium rods, 

nye the follow ing vear-and-a-half 

it became increasingly evi- 

hat the uranium reflector pieces 

j 


ndergoing changes 


Corrosion 
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? MOST DISASSEMBLING DONE IN DRYBOXES. It proceeded in the following way: 
(1) Mercury drained from external cooling-system parts; (2) coolant pipes cut at a, b, 
c, and d; (3) mercury removed from pot down to top level of fuel rods; (4) pot cut open at 
top and material filling space over fuel region removed; (5) fuel rods and dummy rods 
removed; (6) remaining mercury removed from pot; (7) control rods removed; (8) shield 
removed; (9) reflector cube, pot, and shielding cubes above reflector removed as unit; 
(10) concrete and steel pier supporting reflector cube removed. 


SMALL 2-SECTION DRYBOXES for cutting mercury pipes (shown above) could be assem- 
bled and sealed around pipe; rubber gloves sealed to boxes permitted using ordinary 
tubing cutter. Negative pressure maintained by blower made any leaks inward. To 
prevent plutonium dissemination, wooden structure was built over top of reactor, sealed, 
and kept at negative pressure. ‘Plastic bag" technique was applied frequently—con- 
taminated object was transferred between enclosures through vinyl bag sealed to both 
enclosures. After transfer, bag was twisted into tight rope and cut; two ends were 
sealed with tape. This technique was used to seal mercury pipe ends after sections had 
been removed and left in small dryboxes 


3 LARGE DRYBOX OVER TOP OF REACTOR and sealed to top of reactor pot with 
plastic bag was used for unloading fuel; weld closing pot was ground away with 
small hand grinder. 
crane, through hole built into drybox and into large shielded container on drybox roof. 
Container, joined to drybox with large plastic bag, could be removed through door in 
roof of outer wooden structure. 


Shielding and reflector plug were removed from pot, with overhead 


FUEL RODS WERE LOOSENED from steel cage in reactor core by a long manually oper- 
ated grabbing tool. Small grabbing tool was lowered into pot by small crane inside 
dry box and coupled to loosened rod. Rod was lifted out of pot, over to left-hand side 
of drybox, and dropped into lead container joined to drybox floor by plastic bag; indi- 
vidual container was used for each rod. Chute was positioned so rod dropped off in 
transit would fall into reactor pot or into shield container. After unloading core, drybox 
was disjoined from pot and removed for disposal. Shield removal began after thermal 
column was unloaded. 


RADIATION LEVEL INCREASED RAPIDLY after outside concrete layer had been removed 
and vertical laminated shield sections exposed. Contact levels at surfaces of four suc- 
ceeding layers were: 0.030, 0.300, 1.5,and 4.5r hr. After last vertical steel section and 
small steel plates filling gaps on reflector's north side had been removed, level dropped 
to 0.060 r hr. This sudden drop can be explained as follows: (1) Between aluminum 
jacket and steel blocks forming outside reflector layer was 4-in.-thick layer of lead, acti- 
vation cross section of which is much less than iron’s; (2) Masonite shielding slowed neu- 
trons leaking through shield and greatly increased cross section for activating neigh- 
boring steel. Increased cross section also reduced number of slowed neutrons reaching 
reflector steel. Airborne alpha count became unexpectedly high when Masonite layer 
was approached. Alpha source was traced to lead turnings stuffed around port liners. 
Analysis showed decay was probably 138-day Po*'", undoubtedly formed from 0.1 ° 
bismuth impurity in lead turnings (especially in thermal flux in vicinity of Masonite) 


29 











RUPTURED FUEL ROD, mild-stee! cased, is 

shown held up by electromagnet. To free it, 
cage segment was sawed out using hacksaw 
blade taped to end of long aluminum pipe 


5 


layers. 





SILVER PLATING NEARLY DISAPPEARED from edges of ura- 

nium reflector blocks, exposing corrosion products on uranium 
surface. When lead layer surrounding reflector cube was 
exposed, radiation level was stilllow. After lead was removed, 
intensity 1 meter from steel blocks was 0.120 r hr; after steel re- 
moval, intensity 1] meter from exposed uranium reflector blocks 
was 0.8 r hr 


produets siited down onto the ifety The reactor was 
block actuating mechanism: the bloek it 


ng condition for only a few months 


RADIATION DAMAGE to boron plastic and Masonite was pronounced at inner 
In original state, plastic is smooth, white 
coloration and distortion were marked adjacent to experimental holes. 
was not visibly damaged, but became extremely brittle 


,-in.-thick sheets. Dis- 
Masonite 





REFLECTOR CUBE REMOVED with 2 top shielding cubes locked 

to it as a unit and carried away for storage; 2-in.-thick steel 
plates welded around reflector cube greatly reduced radiation 
level. Also shown is irradiated plastic material. Space inside 
U-shaped supporting pier had been stacked with boron-plastic 
sheets to prevent neutron leakage through channel underneath 
reactor containing safety-block-operating mechanism 


restored to complete disassembly of the reactor. 


Oper- 


Two biological hazards existed: radi- 





finally failed to seat properly and at = There was further evidence that the ation exposure and plutonium poison- 
times would stick in its “up” position reflector blocks were shifting. ing. Disassembly had to be devised 
Also, displacement of reflector blocks On December 24, 1952, the mercury to minimize these dangers and, if pos- 
presumably eaused by abnormal metal coolant was again contaminated by sible, to prevent radioactive contami- 
growth or surface corrosiot mpeded a-activity The only possible cnuuse nation of the reactor housing 
normal control-rod operation in. their was release of plutonium from at least The entire operation, shown in the 
passageways through the reflector one fuel red. Plutonium decay was accompanying illustrations, was done 
To correct these difficulties the quickly verified: 1-10 gm of plutonium without exposing personnel to more 
satetv. block was perm inently held in were estimated to be free in the cooling than a small fraction ot the tolerance 
its “up” position with a jack. Con system, producing a serious hazard radiation dose; only a barely detectable 
trol-rod passageways were reamed out Further operation was cancelled amount of plutonium escaped. 
to a larger diameter to pro ile operat * * * 
ing clearance. Increased control-rod Disassembly Thie ari on a paper 1 
diameter was also necessary to suppl The operating group spent the first at the Am f Chem 
reactivity control lost through nonop three months of 1953 devising proce- Fi he m0 in { u chig June 21, 
eration of the safety block lure ind developing equipment for 195 
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Biological Applications of Tritium 


This review describes how tritium has been applied as: 


Hydrogen tracer in biological systems. It provides a wider 
detection range than is possible with deuterium 


lonizing-radiation source. In an aqueous system, radiation 


field is uniform. Handling precautions are not serious 


By ROY C. THOMPSON 


ent, Hanford 





TABLE 1 


Properties of Tritium 


Biolo Section, Radiological Sciences Depa tn 
General El Company, Richland, Washington 
Tritium, already an tmportant tool in 
biolog studies, Was first produced in 

1939 b evelotron bombardment of 


deuterium with deuterons (7). It has 


since been produced by a variety” of 
other methods; for the past several 
vears, it has been obtainable for ex- 


perimental purposes from the AEC at 
inal cost 

The present review covers reports 
vear = 1953. 


A ] mI . docu- 


when 


pub shed through the 


Ref rences 


ive been included only 


to unclassified 


ments 


the information reported has not ap- 


peared subsequently in professional! 
yourn 
Pertinent properties of tritium are 


summarized in Table | 


Tritium vs Deuterium 

Applications of tritium in biological 
studies fall into two distinct categories. 
It can be emploved as a tracer for hy- 
drogen or as a source of ionizing radia- 


tion As oa 
tritium must compete with deuterium, 


tracer lor hydrogen, 


the mass-2 stable hydrogen Isotope. 
Relative to deuterium, tritium pos- 
sesses a number of advantages as well 


disadvantages. Perhaps its 


outstanding advantage is the greater 


concentration range over which it can 


be followed in living svstems. For 


Vol. 12, No. 9 - September, 1954 


Mass of tritium atom (atomic 3 

Wt. units 
Half-life 12.4 vr 
Mode of radioactive decay 3, no 
Product of radioactive ce eay He 
Maximum energy of 8-particle 18 kev 
Average energy of 8-particle 5.7 kev 





deuterium, there Is ad HkiNimMuMm range 
of about 10 


centration that shows no gross physio- 


between the largest con- 


logical effects and the smallest concen- 
tration in excess of normal deuterium 
that 


measured. Fon 


abundance can be accurately 


tritium, the  corre- 


sponding concentration range is at 
least 10 


further 


and may be extended even 


with elaborate counting pro- 


cedures. Counting tritium, while pre- 
difficulties due to the 
low-energy beta particle, is probably no 


than 


senting some 


more exacting mass spectro- 


lio Production Operation 


vraphic or densitometric determination 
of deuterium. 
Jecause of the large mass difference 


between tritium and ordinary hydrogen 


protium), tritium exhibits rather large 
“isotope effects”? in certain reactions, 
This disadvantage is shared, but to a 
somewhat lesser degree, by deuterium, 
The 
tates certain precautions in its handling 
that are 


deuterium. 


radioactivity of tritium necessi- 
not required in the case of 
Because of the 


trating character of the tritium radia- 


honpene- 


tion, these precautions do not seriously 
limit the useful applications of the 
isotope 

As an experimental source of ionizing 
wate! 
affords 


radiation, tritium-labeled pos- 
sesses unique advantages. It 
a uniform radiation field, which can be 
reaction 


beta 


“built in’ to 
The short 
particle is usually a decided advantage 


any aqueous 


system, range of its 


in such applications, since it simplifies 


calculations of dosimetry and = mini- 


mizes the hazard to the experimenter, 


METHODS EMPLOYED IN DETECTING TRITIUM 


Methods 


studies with tritium differ 


employed in biological 
from those 
other 


topes, principally in regard to detection 


commonly emploved with 


procedures, Tritium Is Unique among 
the more widely employed beta-emit- 
ting isotopes in the very weak energy 
ol its 


which necessitates 
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TABLE 2. Counting Instruments Employed for Tritium 


Tipe ol Inst anier hy. 0 ! ple ounted ; 


lonization chamber Hyadrog ‘ , cetvlene gas 
Geiger or proportional counter r Wate 6). hydrogen ga 1 methane 
gaseous samples f tane g 18 
Liquid-seintillator counter Orgat mpound soluble in scintillator solu 
SOLUTION ¢ Wwiiter 1 ohe 





Windowless flow counter I Hid sample NIT,¢ 
samples ogran " 
specialized counting inst t f ind CGilaseock (28) have de- 
procedures. Lack of suit edures specifically designe 
instruments, or lack of expe ntitative combustion of tritium- 
using these instruments t materia Wilzbacl 
heen largely responsible for the ted f 4) have described an ingenious 
use of tritium in biological st emploving zine and nicke 
Table 2) indicates the t oh-temperature sealed-tube 
eounting tistrument I { t t t ! ne step, converts the 
and gives some impr thie en of orgat material to 
adaptability to specifie probl ethane mixture that suit 
+ inf 


luction to an ior 


Sample Preparation , hn 1S baile 


As indicated in Table 2 ety of gaseous f 
ples contaming tritium cat t t¢ tritium is been counted 1 | 
under certam cireumstar t thie tit n Table 2 


ensitivity is not require 


till itor counters 


recep Leu ( t 
tain organie Compotune | thie t oriaipl tritium detect ! ! 
scintillator solution, or wate t eparatior Because the el 
in small quantities t ( tritium traverses 


Gaseous samples. [In most sy rr tographie emu 


1 


enations, however, it bas beer ect t stuuited to nterce 

to combust the biolog te t ition of t t 
converting tritium to the « ( iit t than | op r 

is in turn converted to some Lit Autoradiography has 
able for filling the ionization r quantitatively est iting 
Gi-M, or proportional count , t 


TRITIUM AS HYDROGEN TRACER 


Tritium is a 


been used in the gaseous st ! t ( otope effects would be 
to study its radiation | t t ted This conelusion 

oxide, and with labeled t il tudies of the deute 
euiles In these app t tiu t ing and. 
tope effect” must be cor te ill sorts hicl 


“Isotope Effect’ Problem , , panei unt (3e 


From theoretical consider Tritium deuterium ratio. Th 
clear that hydrogen itope t leuteriu nd tritiu 
their renetion rates in spe tol ure t ( ! ed to st ny 
ye) Such isotope effect ! t itive he or of hydroget 
observed with deuteriut | tone n ye systems These 
chemical reactions (35 It bre t ( ive usua involved adminis- 
generally assumed, howev that ! te y tritium- and deuterium-labele: 


the complex svstem otf eq followed bv dete 
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Cilaseor 
CONSIST 
deute 
lactatu 
the you 


ministra 


rium ratio mm mammary tat 


tritium deuterium 
body constituents 
reported a 


the 


K, ¢ a., Te) have 


nt 20°, decrease in 


tritium 
Irom 


rats and in fut ol 


ng that were suckling during ad- 


tion of labeled wate Large! 


but les nsistent effects were reported 
nan en er COmMMUr it I im these 
WOrnkeé f 
In ir stud idinoff, et al 
7) re ted prelerential incorporation 
Ol appro ite Sand IS euterium 
in er g oven and er tatt ils 
respect t~ lt ments 
in I t Cit te rdinun 
istered ‘ “ ) ) CCKS nad 
in ed ( ( co 
montl Phe . 
noted elerent ! “ deu 
terium by 6-7 % in the ( t. and 
brai t No sig t tome 
etlect tt ‘ 
pelt ( l a4 tritiut 
aeute I ( ( { t Nh 
T it uv ! 
Wi ery t P ( save 
tude if ! t ee tiv 
our Y) | ursit uv } 
rie nye! ( Wrogel 
ott t t¢ yout = i 
Cory t im 7 thie te tor 
prot tritiu t QO" of 
thie te euteril Phe isotope 
ettect t v nti 
n «iittere 1 thie 
Lig t ( tht na 
leute t Vi ef 
erve ore tention 
( the tritiu t 
zatiol ot} uF ( ) 
1 thre 1 t t! 
y 1 
¥ t 
und cl nate 
cert ti uv nt 
rte t ! t hie ‘ ~] 
| ( t ow thre t r 
( esi ( ete 
vill t t est 
effect ( erved 
| rt-t t ts ( ecity 
Diocthe t ! Kinet 1 
ettect Clie pot ( t n-! 
droge! ( ( In 
en tu cs iv ~OTODSE 
ettect et t ty itible 
vith the gene OD s¢ ( nstancy 
of the teriul t tin i 
natu te S ¢ t u origin 
Our esent ! viedut | lrogen 
ote e ¢ ts nh the ( ( 4 etuaboln 
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reactions of a living organism is clearly 
inadequate for precise prediction. 


Gaseous-Tritium Studies 

Biological investigations employing 
gaseous tritium are rather limited in 
number and have mostly been directed 
toward hazards of handling. 

Pinson and Anderson (46) exposed 
rats to a tritium-gas atmosphere for 
periods up to 134 hr. Less than 0.197 
of the total inspired tritium was re- 
tained in the animals as tritium oxide. 
In similar studies on two human sub- 
0.004°% of the inhaled tritium 
tritium 


jects, 


Was retained as oxide (46). 
Similar findings on rats were reported 
by Smith, etal., (47). Inthese studies, 
intestinal-tract bacterial flora was im- 
plicated as probably the most impor- 
tant agent in converting tritium to the 
oxide. Smith, et al., (48) have also fol- 
lowed tritium-gas concentration in the 
blood of rats, during and following ex- 
posure. Except for the small fraction 
converted to oxide, tritium is rapidly 
lost from the animal on cessation of 


exposure. In addition to tritium 
retained as oxide, small quantities are 
incorporated into various tissue com- 
There is some indication that 
different 


pattern when animals are exposed to 


pounds. 


this incorporation follows a 


tritium gas than it does when they are 
exposed to tritium oxide (48). 

Skin permeability. DeLong, ef al., 

(7) have compared the rate of passage 
of tritium gas through excised mouse, 
The rate through 
human skin is about !4 of that through 
The permeability of skin to 


rat. and humanskin. 


rat skin. 
tritium gas has been studied in intact 
rats bv Smith, et al., ( Retention 
as tritium oxide following total-bods 
skin exposure amounted to about 149 


of the 


oO 
yo). 


retention following pulmonary 
exposure to the same atmosphere. 
Gaseous tritium has been employed 
to determine the hyvdrogen-fixing abili- 
ties of microorganisms (50). By virtue 


of tritium’s detectability at very low 


concentrations, these bacteriological 
reactions can be studied at physiologi- 


The abil- 


itv of green plant leaves to metabolize 


eal hvdrogen concentrations. 


atmospheric tritium has also been in- 
vestigated (51). 


Tritium-Oxide Studies 

One of the most obvious tracer appli- 
eations of tritium oxide is in studying 
body water pools and the kinetics of 
Previous reviews 


water distribution. 


Vol. 12, No. 9 - September, 1954 


have appeared on earlier work (52, 43). 

Pace, et al., (6) first employed tri- 
tium-oxide dilution for 
total body water. 
limited to two rabbits and one man, 


determining 
Their experiments, 


were handicapped by the low specific 
activity of the tritium available at 
that time. Prentice, et al., 
ported much more extensive studies, 


(54) re- 


body-water determinations 
on 20 normal and 37 diseased indi- 
Values for total body water 


including 


viduals. 
by the tritium-oxide-dilution method 
were shown to be comparable to those 
obtained and 
2-4% lower than those obtained with 


with deuterium oxide, 


antipyrine. Deuterium or tritium ex- 
change with labile hydrogen of organic 
molecules accounts for this discrepaney ‘ 
These studies have since been extended 
to include 100 normal individuals (445). 
Body dilution volumes for tritium oxide 
in man averaging 62.2 were reported 
by Pinson, et al., (56). Using the tri- 
tium-oxide-dilution method, —Picon- 
Reategui, et al., (57) have studied the 
effect of altitude on body water content 
of rats. At simulated altitudes of 
15,000 ft, 206% of body water was lost 
within a week. 


Body-water turnover. A number of 


investigators have studied the dy- 
namics of body-water turnover with 
tritium-oxide tracer. The biological 


half-life of body water in nine human 
subjects ranged from 9.8 to 14 days 
under fluid in- 
tuke; forcing fluids shortened it to as 
little 
half-life determinations in experimental 


normal conditions of 


as 2.4 days (46). Body-water 
animals include 1.1 days (5) and 1.5- 
2.0 davs (46, 58) for the mouse; 3.3 
davs (59) and 3-5 days (46) for the rat; 
and 5.2 days (60) for the sheep. 
Prentice, et al., (61) studied the cir- 
culation of ascitic fluid in six patients 
using tritium-labeled water and found 
that 40-S0°% of the ascitic fluid leaves 
the peritoneal cavity per hour. 
Tritium-oxide intake. 
routes of tritium-oxide entry into the 


The yx yssible 


body have been extensively studied, 
primarily related to hazard control. 
Essentially all inhaled tritium oxide 


is retained and rapidly mixed with 
body fluids. This has been demon- 
strated in mice (62), rats (46), and 


humans (63). In the human studies, 
tritium oxide exhaled during the 5-min 
exposure period amounted to less than 
2% of the quantity inhaled. The tri- 
exhaled 


tium-oxide concentration of 


water vapor reached equilibrium with 


body water in 30 min, and the tritium- 
oxide level in venous blood attained an 
equilibrium value in SO min, 

Ingested tritium oxide is completely 
the 
tract, appearing in venous blood within 


absorbed from gastrointestinal 
2-9 min following ingestion, reaching a 
maximum concentration in about 45 
min and decreasing slightly to an equi- 
librium level at about 2'> hr (46). 
By means of tritium-labeled water, 
inward passage of water through skin 
exposed to water vapor Was unequivo- 
cally demonstrated for the first time 
(64). The 


rate through the skin has been rather 


tritium-oxide absorption 


thoroughly investigated in) mice and 
rats (65, 66), on limited skin areas in 
total- 


human (65, 66), 


the human (52, 65-67), and for 
body exposure of a 
Percutaneous trittum-oxide absorption 
in rats was shown to be independent of 
total-water vapor pressure. The quan- 
titv of tritium oxide absorbed pereu- 
taneously by man was shown to be ot 
comparable magnitude to the quantity 
that would be absorbed via the lungs. 
The percutaneous absorption rate in- 
creases by a factor of 2-4 over the first 
10 or 20 min of exposure, probably in- 
dicating a holdup of absorbed water 
vapor in the horny outer skin laver. 
Tritium-oxide body distribution. 
By whatever process tritium oxide is 
administered to an animal, it appears 
to be distributed rapidly and uniformly 
throughout the body fluids. ‘Tritium- 
oxide concentration in tissue water did 
not vary among 13 different organs and 
tissues removed from rats previously 
injected with tritium oxide (59). In 
experiments on humans, the tritium- 
oxide concentration in’ water from 
sweat, insensible perspiration, expired 
vapor, sputum, urine, blood, gastric 
juice, and seminal fluid was identical 
within experimental limits (46, 68). 
Tritium incorporation into organic 
compounds of the body upon exposing 
an organism to tritium oxide has been 
studied in a number 


After administering tritium oxide to 


ol experiments. 


mice over a 2-week period, Thompson 
(5) found 0.5-1.0% of the tritium in 
the organically bound state. Similar 
experiments with mice have been re- 
ported by Pinson, et al., (58). In an 
experiment with rats, involving only a 
single tritium-oxide injection, about 
1.3% of the administered tritium was 
in the organically bound state 6 days 
after injection (59); organically bound 


tritium was determined separately in 
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13 different organs and t 1 Phe { to tritium oxide \t th tritius whe the 


l eas been 
highest concentration ¢ ( tritiu { nd of tl veriod, tritium was still Ove oKed in deuterium studies 
one day following tritiur ( letectable in the organic mate- Studies of labeled compounds. A 
istration, Was found in the ( ( it had long since been reduced relat small number of studies uti- 
the concentration was 20 times that ( measurable quantities in bod y specific tritiu eled con 
the muscle. By the sixt} ) te he animals were losing at ound e been reported Synthesis 
ing tritium-oxide administration, the ( ble tion of the retained — of nsiderable number of such com- 
concentration of bound tritiu I tritium with an approximate biological - pou s been reported. howevye 


tissues studied had become mu ( e of 90 days ind results of biolo L studi m 


unitorm, varving over a [t range Retention of tritium-labeled orga 1) ny these compounds 1 be soon 
with the highest concentratior ( mat in rious rat tissue ned » fort v Ciurin and Ds I ) 
ind the lowest in bone c peen ! iriv studied: re t ( t fed phe ne-to- ( 
In experiments in w ts were te substantial tractions having ilit ersion in the t | feeding 
chronically exposed to t vt Wogieal | | es in neari ill tritiu eled ple tL Ist 
tium-oxide environment oO! ( t ) Various lipid a1 ty tine t tbel = : Bigg 


tion to the ize of 6 mont! 20-25 ( t ! hbave been isolated Irom rats Kxrit ( I ha Ix Nhiave 7) iucted 
the hydrogen of most t lr e organic nstituents had previ- eve tudies e1 tritium- 
rl ec from hody wate! OY Ir 1) I heen labeled with trit 


nearly 106), of the hvdroger \ if e ¢ nw n tritium concentration peled Ith both tritius ned Carbon-l4 


rived from body water. ‘inson, ef t t ‘ n these fractions demon- ed to a rabbit: choleste solated 
70) determined tritium concentrat trate the widespread distribution of om Is sources showed a constant 
in skin and fat organic component I tive metabolically inert materials /< tic thus demonstrating the 
human exposed to va ng tritiur the organism Stuclies of Thompson f nes the tritiur ‘ inder the 
oxide concentrations ove s-mont Jallou (69) on retention of organi- tions emploved Ditferences 
period, ind tritium in rats following cholesterol metabolist ere demon- 
Tritium distribution in alga nie exposure to tritium oxide indi- trate hetween no ' per- 
yeast (50, 31), and protoz te that these undyvnamic fractions terolem bbits (73 Labeles 
32) has been studied foll ng growtl titute the major fraction of the cholesterol distributi studied in 
of these organisms in a me Im co! constituents of most tissues rat nd its metabo utilization for 
taining tritium oxide Balt n, ela ese studies of bound-tritium re- nthe of fatt vids a vlycogen 
demonstrated insulin stimulation of 7 tention illustrate rather well tritium’s —\ emonstrated (76). Balmain. ef 
vitro fat synthesis by mammary-t 1 iweriority over deuterium in invest — ed acetate labeled 
slices, using tritium oxide in the incu tions of this sort. Bv virtue of the th tritiur bon-13. in 
bation medium and measu gy its i sreater analytical sensitivity in tritium inction with carbon-I4-labeled glu- 
corporation in fat (7/ tudic fractions with slow turnove to stu the tive utilization 
In an early study, No fa te nd consequent low levels « ( v etaute 
studied tritium incorporation into algae — top, orporation. are easilv studi or y 
chlorophyll growing in me 
vs rrp Re a” eee" TRITIUM AS SOURCE OF IONIZING RADIATION 
rorted on ic take OF tritiul ( 
and tritium incorporation into orgat Relatively few toxicity studies of the These studies have quite consistent 
constituents of bean plants growing i LD-50 tvpe have been reported licated that the RBI somewhat 
nutrient solution containing tritiur tritium. This is perhaps largely greater than that for more energetic 
oxide. le to the relative certainty of predic- radiation, but o1 | i fuctor of two 
t I toxic effects, based on the well it thre 1OsT 
Compounds other than Oxide Ey eae ee Cote ms en) | ; 
Deuterium-labeled orgat molecule te ind due also to absence of anv in- ed the effectiveness of tritium. phos- 
have been widely employe n biolog tion of unusual biological effective- — p!| is-32, and sulfur-35 in inhibiting 


eal studies; tritium-label mole es f tritium radiation. A 30-day. th wth of Lactoba is caset, With 


should be similarly usefu Pritiur I n lethal dose of about 1 me/gm i resulting average tritium RBE, rela- 
labeled) molecules for su urposes veight was estimated with CF-1 tive fT the other radioisotope studied 
can be prepared by) hil t I CT e mice ite Jennings and Brues or lid Powers and Shefnet S]) com- 
thesis, by synthesis in ne organist /) reported a median lethal radiation pared the effects of tritium, strontium 





from which the labeled | nd ve from tritium oxide, adminis- S9-90, vttrium-90 ind N-ravs on 


subsequently isolated, or | svnthes tere chromeally to rats ove i two- ethal-mutation induction in Parame- 
in the organism in wl th bse th period, of 57-77 rep, da The rurel Tritium appeared to be 
quent tate is to be studied Phe tte en ccumulated dosages to deat! slight es effective than the more 
method has seen the greatest ere 3,000-3,.700 rep energet beta emitters at simular dose 


tion to date. Biological effectiveness of H’radia- lev Studies of the effect of tritium 

Tissue retention of tritium. Thy tion, The relative biological effective- nouse tumor implants (82) and 
tention of total tritiun hele rar RBE) of tritium radiation has « k= © muscle fibroblasts (83 
material in the mouse was st ed t ( tudied b i number of wv Kers S f ndicate no unusual RBI 
160 davs after exposit ; biological svstems trit 


Thompson fo 
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ng tritium with an external 
nitter, cobalt-60, for then 


depressing iron-59 uptake in 


effect in 


rats, Furehner, ef al.. (85) obtained a 
tritium RBE of 1.59. Worman, et 
! df using spleen and = thymus 
weight loss in mice as an index of radia- 
tion effect, found an RBE for tritium 


beta radiation of approximately 1.4 


compared with external radium gamma 
radiation, 
Permissible exposure. Maximum 


limits for exposure to tri- 


tium have been suggested by several 


off eroups (87-89). Because of the 
difficult in distinguishing between 
tritium-gas and tritium-oxide contami- 
nation nh routine monitoring proce- 
lures calculations of maximum 
yy l ssible limits have been based on 
tritiu oxide, the more biologically 
hazardous of the two forms. 

The most recent suggested values 
fo ermissible  continuous-exposure 


1 MCy 
0.2 we (mil; con- 


limits are: total body burden, 


concentration in water, 


centration in air, 2 & 10°° we ml (89 


Radiation-Damage Mechanism 
studies with tri- 
Porter, 


The most extensive 
tium in this field are those ot 
et al., on the tritium-radiation effect on 
growth and metabolism of the algae, 
Chlorella pure noidosa,  Ciross effects on 


growth and morphology were deter- 


mined under various conditions (90, 
91): radiation effects on specific meta- 
bolic processes were studied by tollowing 


(‘4 
pound 


Incorporation into Various com- 


fractions, subsequent to algae 


) 


irradiation by tritium (92 


Getzendaner and Fujihara (93) have 
investigated the destruction of ribo- 
flavin, biotin, and folic acid) in’ very 


solutions contaiming 


dilute 
tritium 


aqueous 
microbiological 


the 


oxide, using 


assay procedures to follow time 


course of destruct lon. 


FUTURE PROSPECTS FOR BIOLOGICAL APPLICATION 


With the ready availability of high- 
the 


velopment of simplified counting pro- 


tritium, and de- 


specihe-activits 


cedures adaptable to a wide variety of 


tritium use in biological 


imple tvpes, 
studies should rapidly expand. It may 
replace deuterium as a tracer in many 


itions, and may be used to par- 


ticular advantage in conjunction with 
deuterium in experiments requiring two 
different hydrogen labels. The unique 
advantages of tritium in certain auto- 
radiographic applications and as an in 
vivo source of uniform radiation, should 
insure an expanded use of the isotope 


in these fields. 
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Design for a High-Performance 


Designed for highest thermal flux per dollar invested, 10-Mw reactor costing 


$2,500,000 provides 10''-n cm 


sec thermal flux. 


Enriched-uranium, light-water 


cooled and moderated system devotes maximum space to experimental facilities 


Cover plote 


Control 


chambers 


Thermal 
shield 





¢ 


Conol’ 4 4 —_— 


] REACTOR STRUCTURE consists of aluminum housing to direct 

coolant flow, stainless-steel support tank, bottom plug and 
control drives, all referenced from machined surface at bottom 
of large tank; 8-ft-diameter tank is 31 fthigh. Sleeves at upper 
levels house tubes for core insertions. Top cover plate can be 
altered for vertical access into core. Fission chamber, motor 
driven through bottom plug, is located below fuel section in 
reactor start-up position. 


LEAD THERMAL SHIELD, stainless-steel clad, prevents excessive 
temperature rise and thermal stress in neighboring concrete. 
Shield is cooled by upward flow of water. Six-inch-diameter 
discharge chute extends from baffle plate of reactor tank through 
shield to region outside of subpile room; handling tool and valve 
operated on south face of reactor foundation allow for disposal 
of fuel assemblies, etc., to storage canal. Second chute outside 
of large tank extends from top of structure to canal 
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BIOLOGICAL SHIELD provides for maximum radiation level of 
0.1 tolerance at 30 Mw. At beam-hole level it consists of 3 ft of 
water and 7 of barytes concrete; below reactor, 6 ft of water 
and 4 of iron shot in bottom plug. Due to bottom-plug openings, 
radiation level is higher in subpile room; latter is not continuously 
inhabited during operation. With 20 ft of water above reactor, 
radiation is above tolerance; shielding can be added to cover 
plate. 


SMALL COVER PLATE on tank is removed for normal refueling 
and servicing; large cover, for major repair, is easily altered for 
additional access holes. Since water system is at atmospheric 
pressure at low power levels, it is possible to operate without 
top cover plate. Grating on upper level can be removed for 
inserting experiments through sleeves in upper part of large 
tank. Drain lines in this recess confine accidental tank over- 
flows and other contaminations 
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Research Reactor 


By JOSEPH P. GILL 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 


The major contribution of this design 
is its provision for the maximum num- 
ber of high-flux experimental regions. 
Location of the drive and release mech- 
anisins for safety and control rods be- 
low the reactor core allows installation 
of vertical insertions into higher-flux 
core regions, Control operation from 
below has proved satisfactory under 
simulated operating conditions, 

The building is a mill-type structure 
73 X S4 &X 70 ft, with a 28 & Sd & 20 
ft low section; a basement extends 
under the entire structure. Framing 
is structural steel with either corru- 


TH HIGH PERFORMANCE RESEARCH backed hy a thick lave of water. gated, asbestos-insulated interior panels 


REACTOR, a heterogeneous reactor Since the heterogeneous core has or insulated metal siding. Floors. 


with an initial 10-Mw power level, has — proved sound for research purposes, it foundations, reactor base, basement 


been designed as a permanent research is used in a majority 


it ORNL. planned research — rese 


of currently © and canal walls are reinforced concrete 


‘tors and will The basement area provides for pile 


Since the core—enriched uranium, probably form the nucleus of design foundation, subpile room, and transfer 


vht-water cooled and moderated—is for many vears to come. Therefore, and storage canals. The entire area is 


lar to several In operation, no eriti- this research-reactor 
xperiments were required to pre- — than improving core o1 


fuel loadings, flux distributions and is: seeking engineering 


design, rather serviced by a 5-ton monorail svstem 


control design, Ceiling height is 17 ft. 


improvements The first-floor area, constituting the 


rating conditions. The reflector is that will substantially reduce installa- | main experimental area, houses the re- 


latively thin bervllium-metal laver tion cost and providea flexible machine. actor structure and plug-disassembly 


Experimental Facilities 





Sliding lead 


door 
Thermal shield 


i 








6 in dio experimental 
facility 
Borytes 
concrete 
4a Experiment 
Removoble 
ff 
ere Fill and drain 


lines , 





' 














SS 


7 
Carriage’ 














: ! 4 
Temporary oO 2.3 
shielding 


Scale in feet 

















MAIN EXPERIMENTAL FACILITIES consist of ten 6-in.-diameter 

beam holes, located in one plane at centerline of reactor, 
and four square through facilities, located above and below 
beam holes on east and west faces of lattice. One of these 
holes would be used for series of rabbit-tube installations. A 
variation of experimental-facility arrangement could be elimi- 
nation of two beam holes and one side of through facilities in 
favor of a thermal column, or experiments requiring large vol- 
umes of equipment located close to reactor source 
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TYPICAL EXPERIMENTAL INSTALLATION utilizes water 

trough bolted to beam-hole liner flange to allow plug 
removal under water into coffin. Commercial sliding-disk 
valve, operated remotely, is closed after removing plug and 
flooding liner with water for sufficient shut-down shielding. 
Stainless-steel liner in concrete, aluminum liner extending from 
cubicle to core and tube housing for experiment are commer- 
cial pipe and tubing with liberal clearances. Annulus filled 
with water for shielding during operation is considered ad- 
vantage over usual expensive stepped plug and liner 
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4 COOLING SYSTEM is similar to that used on LITR (ORNL). Water leaves reactor 
tank, passes to shielded hold-up tank (3-min delay permits short-lived-activity 
decay), is pumped to fin-type air-cooled heat exchangers, and recirculated through 
reactor. Water quality is maintained by resin-bed demineralizers. System capacity 
is 35,000 gal with 5,500 gal min circulating rate. With exception of cast-iron pumps 
and some fittings, aluminum is used throughout 


cell. The high portion of tl per ix data and estimated costs are 


mental area is serviced | m nin Tables 1 and 2, respectively 


bridge crane with 55-ft ver tL HhooK nstruction costs would probably be 


travel Removable hatches over tw higher at locations other than Oak 

sections of the floor provide ne sery ig where facilities such as services 

ice to canals and basement DOravory space, disassembly Ces 
The second-floor area neipa ind equipment already exist. 

the building’s low. section 

space for control room 

room, and offices. A 

bridge and service channel a 

from the second floor to the 

of the reactor. 
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REACTOR-CORE LATTICE consists of 

aluminum-clad, Al-U-alloy curved plate 
assemblies. Beryllium reflector pieces, 
same shape as fuel assemblies, provide 7 
or 15 cm of reflector in lattice. Movable 
shim-safety rod assemblies in six core posi- 
tions provide for additional fuel during 
burn-up or cadmium poisoning. Fast-act- 
ing cadmium regulating rod moves through 
one reflector piece 





TABLE 1-- Neutron Flux Data* 


ng power (kw 10.000 
1 Core yr 3,300 
thermal flux i.e X10 
-: 10% 
rmal flux in reflector x 10 
flux? in core | x 10 
fluxf at surtace ot 

10 


ermal flux at face of be 


ol bye ill 


inating at core 


iwatinee ol bear 
parated from core 


reflector piece 


Sepa ited from core 


piece 








TABLE 2. Estimated Reactor Cost 


Reactor building 125,000 
Reantar atructin 505,000 
Reactor utilities 63,000 
Reactor components 119,000 
Reactor instrumentation 157,000 
Reactor cooling svstem 347.000 
Reactor auxiliary equipment 15,000 
Overhead 350,000 
k:ngineering 275.000 
Contingencies 114,000 


Total estimated project cost $2,500,000 
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FIG. 1 


Maximum external dose under inversion conditions 


FIG. 2. 


Distance from Reactor, X 


Velmi/hr 


+ 





100 1,000 


(ft) 


Maximum external dose under lapse conditions 


Evaluating Reactor Hazards from 
Airborne Fission Products . . . 


. . . involves estimating: 1, contaminant concentration downwind from the source; 


2, external doses; 3, inhalation doses; 4, doses from fallout 


By RUSSELL B. MESLER and 
LAWRENCE C, WIDDOES 
Phoer Project 
OL, ty of Michigan 
ln? hor, Michi 


gan 


\LAXIMUM POSSIBLE HAZARD from a nu- 
clear incident in which all of a reactor’s 
radioactive contaminants are dispersed 
into the air can be evaluated by meth- 
Possible 


results of a total catastrophe should be 


ods presented in this article. 


considered even though it is standard 
practice to design reactors, their auxil- 
lary equipment, experiments, and oper- 
ating procedures so that damaging re- 
activities can not be introduced into 
the reactor even if equipment should 
fail or the experimenter should make a 
serious error. 

The 
a given ty 


than the 
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maximum credible accident with 
pe of reactor is somewhat less 


maximum possible accident 


and must be evaluated for the particu- 
lar design under consideration. 


1. Contaminant Concentration 
The total possible accident is repre- 
sented by the instantaneous release of 
all the fission products to form a radio- 
active cloud above the reactor building. 
The problem of how contaminants are 
carried from their source by winds has 
studied by 
the Chemical Warfare Service and in 
Atomic 


tories 


been meteorologists in 


Commission labora- 
Brookhaven Na- 


The best expres- 


Energy 
(particularly 
tional Laboratory). 
sion for calculating contaminant con- 
centration downwind from the source 
Sutton (/). 


This formula describes concentration 


has been developed by 


of contaminants as a Gaussian function 
of distance measured from the cloud 
center and as a function of the distance 


downwind from the source of contami- 


For concentration from an in- 


Sutton’s 


nation. 


stantaneous point source, 


equation can be expressed as 


".y,2,0) 


(2Q /[r°C,C,C (ut) 22) 


zx /* Z° 
(ut)"-* + + 
C,? Cy Ce 


where 2,y and z are measured from an 


exp 


origin moving with the cloud at con- 
stant speed u, Q is source strength, C,, 
C’,, and C, are virtual diffusion coeffi- 
cients, and nis a parameter that varies 
with turbulence and is obtained by fit- 
ting the theoretical 
272" to the 
wind with height. 


profile u ui 
observed variation of 
Maximum concen- 
tration is found at the puff’s center, 
where rz = y=2 0, so that the ex- 
pression for the maximum concentra- 


tion is 
2) 


T CLC, C Au) 











dd sP 
== =| — 
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FIG. 3. Maximum inhalation dose to the FIG. 4. Maximum inhalation dosetothe most FIG. 5. Initial external-dose rate at the 
most sensitive organ under inversion condi- sensitive organ under lapse conditions; V = 3 center of a uniformly-covered circular area 
tions; V 3 mi hr. Values on curves are mi hr Values oncurves are (An MPC 

An, MPC 


For a continuous po ice the 2, External Doses 
equation Is 


num integrated DO il 
personnel directly 


radioactive 
' ne minute acco 


( : , , : a — ing he formul: Wigner and Way 

exp Y t I i ‘ 2 for lapse T« 
( — | s contamed hi- 
equations on which th 7 - ] " 
i { ! ! i loud whose 
At a given distance 2 downwu I i I ed take into account tl - 
; ground: o 

mum concentration occurs at ot imma radiation from ¢| 
: concentration 
0, and is given by mall diameters witl 
predicted 1) 

tree path of VArmni 

. ar dis 
Thus To! low-powel 
. oud remains the 
seein Inore re 
its approach 


To evaluate hazards fror rele { I ( } external gam 


radioactive contaminants trot Zar an the forn 


tor, three cases involving ) ) vi as sometimes been 


an observer on the ground should | to predi dosages of more 
considered: 1, external ¥ 
» , 


2? inhalation dose; 3, y and @ 


to a ramout or fallout 





Safety 
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) . 
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In ue neral, the average whole-body, 
dose from beta radiation that the down- 
wind observer receives is less than 1% 
of the gamma dose because the range of 
beta particles in air is only about 5 ft. 
However 


ireas can be quite high. 


surtlace dosages to exposed 


3. Inhalation Doses 


Calculation of inhalation dose an 


observer might receive if a cloud of 


active contamination were to en- 
f him is more complex. In addition 
» estimating the concentration of con- 

air inhaled by the 
be taken of 


elimination 


ob- 
the 
plus 


iccount must 
| half-life 

of the various isotopes, the par- 
ticular organs in which the isotopes ue- 
cumulate, and the sensitivity of these 
rans to radiation damage. Sutton’s 
equation Is used to caleulate dose in 
terms of activity-time per umit volume, 
MIPC values, this dose 


is converted to reps delivered to par- 


Through use of 
ticular body organs (5). 

\Iaximum integrated inhalation doses 
under inversion and lapse conditions 


are given in Figs. 3 and 4 as funetions 
of distance from the source and the re- 
ictor power level: where A is the fission 
} 


] 
vielk 


of a particular isotope, 7 Is frac- 
tion of equilibrium reached in reactor 
it time of incident, WPC is maximum 
permissible concentration of the par- 
ticular isotope in the body. 
The cur 


assuming that: 1, 


es in Figs. 3 and 4 were ¢al- 
reactor has 
continuously at constant 
| Mw: 2, equilibrium fraction 
ilculated at 10% burnup; 3, iso- 
ission vield is the \ ield of the par- 
r mass number; 4, fission products 
released at ground level as a point 
ce; 5, concentrations downwind are 
Sutton’s diffusion formula; 6, 
remains directly downwind 


activity passes; 7, retention of 

particular isotope equals that as- 

n ref, for calculating maxi- 
rmissible concentrations. 

Table 2 gives dose parameters for use 

in determining internal doses from Figs. 

1. The particular organs af- 


re also listed. 


4. Doses from Fallout 


or other climatic conditions 
uuld accelerate fallout of radio- 
shortly after the contaminated 
forms could create dangerously 
ctive areas near the reactor site. 


idioactivity falls out, the resulting 
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TABLE 1 


Diffusion Parameters 


Vertical 
fen pera- 
lure 


grade nt (n 


Moderate 


version 0.00 0.22 








inversion: 
R=0.286x°” | 


Cloud Radius, R (ft 


100. ~«,000 
Distance from Source, X (ff) 








TABLE 2—-Dose Parameters, Critical 
Organs for Various Fission Products 


An 
Vie 
ml | 

muscle 
bone 
bone 
bone 
bone 
hone 
kidney 
kidney 
kidney 
kidney 
liver 
kidneys 
kidneys 
thyroid 
musele 
bone 
bone 
hone 
bone 
bone 
bone 


bone 





. 6. Equivalent cloud radius 
dose rate is primarily a function of the 
source strength per unit area. 

The fallout beta dose rate to a fully- 
clothed 


Figure 5 shows the gamma dose rate as 


observer has been neglected. 
a function of the contaminated radius 
and the reactor power for fallout of all 
the fission products uniformly over a 
circular area. To properly estimate 
the size of the contaminated area and 
its activity, Fig. 6 together with infor- 
mation on the rate of fallout and wind 
velocity should be used. A 
rate of 1%%/ min has been suggested as 


a conservative assumption (6), 


raimout 


Figure 
6 estimates, from Sutton’s formula, the 
equivalent cloud radius or the width of 
a cloud of contaminants that originate 


as a point source. 


5. Reducing Hazards 
Several steps can be taken to reduce 
these The 


step involves designing the reactor so 


hazards. most important 
that any nuclear incident is inherently 
self-limiting before the reactor gener- 
volatilize the 
Water- 


reactors are 


ates enough energy to 
fuel 
moderated 


and fission products. 
homogeneous 
particularly good examples of this type 


The * 
(7) to be constructed at the 


of design. swimming pool” re- 


actor type 


University of Michigan is another type 
that 
properties. 

A building or de- 


signed to contain the products ot a 


shows remarkable self-limiting 


other enclosure 


nuclear ineident can be constructed. 
This has been done for the submarine 
reactor (SIR-1) being constructed at 


West Milton, New York 


building at the University of Michigan 


The reactor 


is being designed so that escape ol con- 
tuminants from inside the building can 
be limited to less than 10° per 24 hr. 
This reduces the potential hazard by 
orders of magnitude. 

* 7 * 


Calculation details are 


The he lp of William K. Luckow and E. Wer 
dell Hewson in the pr 


ised in this artu 


show? f 


eparation of the material 


le is greatly appreciated 
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~ "coolant passage 


FIG. 1. Distribution of neutron flux and heat generation for uniform coolant distribution in an infinite slab reactor 


Nonuniform Fuel Distributions 
in Nuclear Reactors 


Substantial advantages can be gained from nonconventional distribution of 


reactor fuel, coolant, or moderator. 


heat-removal potential of fast reactors by 20%. 


Redistribution of coolant can increase 


Higher power output 


can be gained from thermal reactors by using nonuniform fuel positioning 


By G. GOERTZEL and 
WILLIAM A. LOEB 
Nuclear Development A 
White Plains, New Yo 


REACTOR DESIGNS, for thi 


use a uniform distribution of ma 


throughout the reactor core 


signs are usually the easiest to cale 


and are often the simplest to co 


as well. But many advantages 


gained from utilization of a nonuniforn 
material distribution. This article 
phasizes the possibilities nhere? 


designs of this type and illustrates 


possibilities by specific examples 
In most reactor designs tl 

course, nonunilormities im adil 

of materials. Examples « 

uniformities include use 

materials in one region of 41 

in another, and nonuniform 

distribution on a “ mieroscop 

The former case is illustrate 

reactor in which a blanket 


largely of natural or depleted 1 


42 


i core contarming a rathet 
oncentration of fissionable mate- 


The latter case is exemplified by 


Hanford reactor, in which the ura- 


s lumped into a lattice structure. 
microscope ‘ sort of nonuni- 


is, OL course, present in all re- 


rs in which fuel, moderator, cool- 


structural elements of finite 


mensions are emploved 
MIarked advantages can also be 


qd from variations on a macro- 


scale within a single region 


reactor Some of these advan- 


are higher power output smallet 
mass, higher average coolant 
temperature, longer periods 
refueling, higher breeding 


d higher burnup of fission- 


| These advantages may 


realized in any one dis- 

Selection of the proper 
be fixed by tech- 

economic requirements 
consideration 


ve exumples 


honuniworh 
WW ill be consid I 
wile-energy 

rm power generath 
coolant passage. 

2. \ thermal reactor with uniform 
power generation per unit mass of Tuel 
and, incidentally, minimum critica 
mass 

3. A thermal reactor having uniform 


reneration per volume of 


Fast Reactor 
In a reactor, neutron flux generally 
Varies With position, Heat generation 
per unit volume Is proportional to the 
product of the macroscopic fission cross 
section and the = flux. Thus, uni- 
distribution of fuel results in 
volumetric heat genera- 
int flowing through the 
lower heat-generation iIn- 
tensity removes less heat than coolant 
1 Ol high- 


passing through the region 


a 


intensity heat release The resultant 
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FIG. 2. 


energy fast reactor. 


temperature rise is, therefore, 
the 
coolant 
thei 


throughout reactor. 
a lew 


worked to 


passages 
Maximum 
shows the situation for a 
reactor surrounded by a non- 
gy reflector. 
or the coolant flow to be axial 


In this case, it 


I wim distribution of the cool- 
the 
oolant passage is higher than 


the other 


temperature rise across 


ross anv of coolant 
To obtain a uniform coolant 
rature rise, the heat generation 
volume should be proportional 
reentage of the volume occu- 
» coolant. 
alysis considers a redistri- 
the coolant passages in a 
rmal to the direction of flow. 
It assumed that the composition ol 
itself 
d, with the redistribution being 


the fuel material remains un- 


change 
effected by exchanging fuel for coolant 


and vice versa. It is also assumed that 
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Solution for uniform heat generation per volume of coolant in a single- 
Reactor infinite flat plate, coolant treated as void 


the reactor can be described adequately 
by a monoenergetic neutron picture. 
One would expect, intuitively, that 
the desired result could be achieved by 
increasing the volume of coolant near 
the center of the core while decreasing 
the volume near the edge. Since this 
results in moving fuel toward the edge 
of the core, it would also be expected 
that the reactor critical mass might in- 
Actual analysis that 
these expectations are both realized, * 
but that the 
cases is small enough to result in only 


crense, shows 


redistribution in most 
a minor increase of critical mass. 

In analyzing this case, the following 
conditions are assumed to prevail: 

1. One energy group. 

2. Diffusion theory. 

3. Geometry: 
and wide flat plate surrounded by a 


core an infinitely long 


nonmultiplying reflector. 


*In the example of an infinite slab reac- 
tor, critical In more 
realistic finite slab or eylindrical configura- 


mass 18 une h inged. 


tions, the mass does increase 
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FIG. 3. 


reactors. f,, 


Distributed cooling in flat-plate fast 
is 0.45; half-thickness, 2 





Ps. (a) Slowing down and diffusion kerne! 


S. combined 





Neutron Density (arbitrary units) 











FIG. 4. Construction of a typical volcano 
kernel for a thermal reactor 


4, Uniform composition of fuel ma- 
terial (variations in over-all core com- 


position to be made by substituting 
coolant for fuel material or vice versa). 
5. Negligible coolant scattering and 
absorption cross sections, 
The 


diffusion theory, must be solved 


d do 
D T (k l > © 
dr dr 


equation 1 is subject to the usual 


following equation, based on 


boundary conditions of symmetry at 
the core centerline and continuity of 
both neutron flux and neutron current 
at the For 


simple one-dimensional cases, the latter 


core-reflector boundary. 
two conditions can be lumped into a 


single boundary condition 
continuity of the product of the diffu- 
sion constant and the first 


of the logarithm of the flux. 


requiring 


derivative 
At the 
boundary, then 


d 
—D j, Ke 


al 





bj r) 


re4) 


- 


, 


r 


G 


where ) Is 


of the 
tion 5, 


and A 


viven 


one obtains, 


SYMBOLS 
volume fraction of coolant 
D,/(1 —f) = diffusion co- 
efficient 
Lai/(1 — f) 
cross-sections 
constants 


absorption 


neutron flux (in thermal re- 

actors, thermal neutron flux 
constants of proportion- 

ality 

distance from reactor plane 

of symmetry 

multiplication 


constant of 


fuel 
VD 
r/X 

f(O0) 


[(h 


[ (1 —f)dr = parameter 


used in solution of Eq. 1 


[ r da / [ ar 


d (dd dy 
( dD ddd dr 
admittance at the core-re- 


reflector 


flector interface 

fuel density 

fuel absorption cross-sec- 
tion per unit mass 
)n thermal flux 
in pure moderator arising 
from one fission 
born at r 

number of fission neutrons 
born per neutron absorbed 
in fuel 


r’|) 


at 


neutron 


the thermal flux at 
r’ in pure moderator arising 
from one thermal 
born at r 
iy + G, 


neutron 


volcano kernel 


a characteristic pa 


reflector From 


wit! COT 


D 


\ 


It is required that the 


volume be 


volume 


From Eqs 
44 


proportional 


so that 


V 


1-6, 


one obtains 


; 


| ig. 2 With 


} 


At the 


perature rise 1s 


tan 


boundary 


D 
A) 


: these results in ¢ ph- 


und 1g plotted 


the 


ff 
inious :values of 
In use, one generally 
i the 
the 


reflector properties 
Core 
1Z 


b, and ¢ then 


critical outer 


be found from Iq 
Figures 2a 
distribution, the coolant 
ind the int 


average Cool 


seen from Fig. 2 that 


tor, the requisite rang 


int fraction Is quite larg 
ie decreases rapidly with 

reflector thickness, so that 

practicable variations in 

are available with rea- 

reflector thicknesses. It is 


that In the coolant 


fraction 


practice, 


ution would be approximated 


imber of regions, each of uni- 


int distribution. 


parison of a reactor having 
coolant distribution with a 
distributed 


Flux is changed only 


iving coolant is 
Fig. 3. 
the 


However 


by redistribution of cool- 
the heat removal Cap- 
for a specified maximum coolant 
increased 20° 
unchanged outer dimension of the 
sa peculiarity of the slab geom- 
loved in this simplified analy- 
more realistic evlindrics 

‘al geometries, a small in- 


core size results Irom. the 
bution, 
iscussed 


utions to the problem « 
ceding paragraphs have been ob- 


not only for the slab geometry 
vlindrical 
treated 
coolant treated 
These re- 
fairly complicated to 
curves similar to those in 
the aid of the 


ises are easily studied. 


for spherical and ¢ 
es, both with coolant 
1 and with 
nabsorbing seatterer. 

hile ob- 


ield 


curves, 


Thermal Reactors 


leakage divided 
fuel 
the 


speeds, 


The probability of 
by the 


increases with neutron speed If 


probability ol capture in 


neutrons sure slowed to low 


much less uranium is needed to catch 


the neutré before they leak. Slow- 


yns 
ing down of the neutrons can be accom- 


he } ] 


Vv introducing a light element 


a moderator Hy 


bervilium 


drogen, 
and carbon are 

used for 
If sufficient moderator 
neutrons will be slowed 


thermal 


the 
they 


Is present 


aowh unt are in equi- 


librium with the moderator atoms 
such { Liioriuim 


neutrons are Known 


| neutrons.’ 


Volcano Kernel 


Consider (for simplicits nh infinite 


moderator into which fuel 1 
a critical 
the 


the 


is to constitute 
The region of 
the fuel is 


ontains 


fuel densitv at. r. 


the 
neutrons absorbed by 
written as Ql(r 


racteristic ol 


Xp r 
constant cha 


derator, and temperature, 


Capture of 


pendent of fr. 


neut: fuel gives rise to fissions 


“he neutrons sJefore these new 


neutron porn l can produce 


slowed 


issiOns ev mi hye 
» thermal energ During the 

wh process, the neutrons 
rom the point r where they 
The neutrons diffuse far- 
therma Thus, a 


neutron absorbed in the tuel at r 


born 


were 


ther while they are 
pro- 
duces thermal neutrons and thus fur- 
ther fissio1 rve Fig. 4 


ial neutrons that 


a ot 


because of the fission neu- 
vluced from one neutron ab- 
fuel at r, as it would ocew 
moderator, 
take the 


the 


into account 
the effect thermal 
that the ab- 


i thermal neutron bv a fuel 


presence 
on 
Irom 


“arises 


must be added to curve a of 
The 


neutron flux at 


depression of thermal 
r’ caused by the absorp- 
ris clearly 
il flux at 


i thermal neu- 


‘rmal neutron at 


thern 


tion of a the 
Increase mM 


birth of 


equal to the 


1 bp. the 


r’ cause 


In this manner one obtains 


tron at 
curve 4 of Fig. 4, which gives the de- 


thermal neutron flux at r’ 


pression ol 
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to a thermal neutron ab- 


sorbed at r; curve 6, which represents 
the absorption kernel, is the negative 
of the diffusion kernel. 

The 
the net effec 


sum of the two effects \ ields 
t on the thermal neutron 
flux caused by absorption of a thermal 


neutron in fuel. 


This resultant, plot- 


ted as curve ¢ in Fig. 4, is called a vol- 
rnel The equation of this 
be written as G(r r’\). 
ino kernel is) characteristic 
moderator and of the fuel com- 
position, but is independent of the fuel 
distribution p 
mber of neutrons absorbed 
unit volume is known, one 
caleulate 
Thus, re- 
gy that xp@ is the number of 
fuel unit 


as the equation re- 


mediately use G to 


the thermal neutron flux. 
member 
ibsorbed in 


neutrons per 


volume, one has 
lating the absorption of thermal neu- 


to the thermal flux 


trons in fuel 


f xp(r)p(r G 


, r’ } dr 


which is satisfied by a 


he the 


Equation 13 


critical reactor, will basis for 


the fe 


lowing discussion. 


Uniform Power per Unit Mass 


For uniform power per unit mass of 


fuel, the power (and thus the fission 
proportional to the 
the 


| to pd, @ must be constant 


dens ty 


fuel dens p Since powel is 
proport on 
in the core. This analysis vields the 


equation that p must satisfy 


hold for 
is solved for 
fuel 


i4 must all points 
core; it 


the 


reactor 


p(r) to determine required 
distribution 
14 shows that there 


is & maximum size core for which the 


Solution of Eq. 


flux can be maintained con- 


a given moderator and fuel. 


thermal 
stant lol 
a solution is given as curve a of 
Fig. 5. In 


smaller 


Such 
seeking a solution for a 
region, one finds such a 
fuel 
fuel is concentrated 


core 


solution with a distribution in 


which part of the 


at the core-reflector interface, and the 


remainder is distributed over the core. 
Sucl a fuel 


distribution is shown as 
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Lumped fuel 


No lumped fuel 
Area equals 
total lumped 
fuel 


Fue! Density (arbitrary units) 








12) 46 9 13.5 


Distance from Reactor Center of Symmetryicm) 








Core edge + 


Fuel Density (arbitrory units) 





75 15 225 


Distonce from Reactor Center of Symmetry (cm) 











FIG. 5. Fuel distributions giving uniform 
power per unit mass of fuel in a thermal 
reactor 


Fig. 5 


is indicated by a bar 


curve b of The lumped fuel 
having an 


fuel 


area 
proportional to the concentrated 
at the core-reflector interface. 
Considering all reactors that can be 
constructed by distributing a given 
fuel in a given infinite, uniform moder- 
ator, it is interesting to note that curve 
a of Fig. 5 offers a fuel distribution that 
vields the reactor with minimum criti- 
eal mass In some cases, a core of 
smaller dimension than the minimum 
critical mass reactor may be required, 
In such a case, the fuel distribution of 
the 


core 


result) in 
the 


a critical mass will, 


curve b of Fig. 5 will 


critical mass for 


Such 


smallest 
dimension. 
however, be larger than that of curve a. 


Uniform Power per Unit Volume 

The power per unit volume of core 
Thus, 
generation per 


written as p@ 


is given by pq. the condition 


of uniform power unit 
volume of core may be 
k;. By 


with Eq. 18, one immediately obtains 


combining this relationship 


the expression 


xk [ « r 


QD r’) 


whence, for points r’ in the core 


kK 


a(r’ = 
f re 


A typical fuel distribution, as caleu- 
lated from Eq. 15 for the volcano kernel 
of Fig. 4, is plotted in Fig. 6. 

Whereas these cases, 


have been discussed as if there were an 


for simplicity, 


infinite, uniform moderator into which 
the fuel was to be inserted, the treat- 
ment of practical cases leads to similar 
but deal 


results, with a great more 


FIG. 6. Fuel distribution giving uniform 
power per unit volume of core in a thermal 
reactor 


effort in) caleulation or experiment 


The major feature emphasized by con- 


finite moderating regions is 


le dl region 


sidering 
that there must be an unfue 
(reflector) surrounding the core to ob- 
tain uniform either 


power, per unit 


fuel mass or per unit core volume 


Conclusion 


Several advantages that one might 
hope to obtain by nonuniform distri- 
reactor have 


these 


materials ina 

Not all of 
tages can be attained at the same time, 
the ad- 


bution ot 


been listed advan- 


however. A particular case, 
vantage of obtaining higher power out- 
put, has been considered for three dif- 
ferent reactor design criteria and appears 
to outweigh the possible increase in con- 
struction difficulty for several applica- 


tions These results sare, nevertheless, 


only a first attempt to solve the problem 


of utilizing nonuniform distributions. 


It is to be expected that continuing ex- 
perience and effort will show that addi- 


tional advantages can be obtained by 


tailoring «a reactor’s characteristics to 


the job for which it is intended 


* * * 


This article is presented 
at the American Institute of Chemical Engi- 
neers’ Inte 
Engineering, 
22, 19d4 The 
to fast reactors were developed in conjunction 
with performed on the nuclea 
development project of Dow Chemical-Detroit 
Edison and Associates The d 
on the 
junction with a subcontract from Oak 
National Laboratory and from Pratt 
Whitney Aircraft Thanks are due to our 
colleagues at Nuclea De 
k.W 


supervision the 


hased on a pape 


national Congress or Nuclear 


Arbor, Michigan, June 


Ann 


considerations with 


egard 


work power 
ations 
mal reactors were developed in con- 
Ridge 

and 
many eloapment 
Associates, Ine ilkins, 
Jr., unde whose 
ised in the 
Furthermore, the use of the 
rnel in obtaining the fuel distribu 
with 
volume was suggested by Dr. Wilkins 


45 


, especially te 
arious 
Curves fast reacto study were 
determined 
volcano ke 
reacto 


tion for a uniform powes pe 


unu core 





GLASGOW CONFERENCE 


International Developments 
in Nuclear Physics 


New techniques for determining the half-life of short-lived isomeric transitions, 


experiments on photodisintegration and Coulomb excitation, new results in 


meson theory, beta decay and nuclear structure, are discussed in 


this article that summarizes the progress in nuclear physics to July, 1954 


By K. G. McNEILL 
Depa tment of Natural Ph 
The University 

Glasgow, Scotland 


THE BROAD PLAN of the Glasgow 


ference was to survey” the 
knowledge of nuclear and mesor 
ies, and to focus specialists’ 
on problems outside their ow1 
ular field. To this end each m 
ion began with one or more 
papers, followed by shorter one 
In an article of this size it 
impossible to report on ene } 
papers prese nted: therefore o1 


parts of the confers nee that the 


personally found most stimulatir 


be discussed 
reader 


prot eedinys , 


Nuclear Fluorescence 

F. R. Metzger (Bartol Re 
Foundation) and K. Wakovac 
mingham) independently des 
periments on the fluorescent 
of y-ravs. As nuclear leve 
so small, it Is necessary 
and resonant nuclet of the same 
in order that the incident 4 
should be exactly equal to t 


level difference in the resonant t 


roceedings will be pub 
» Pergamon Press, Ltd 


N. Wo] 


s done, however, fluores 
iutomatically occur, for 
oiling after y-emission 
ne energy with it It is 
sury to give this energy 
av if fluorescence is to 
and Metzger described two 
h this can be done 
| viving the nuclei a 
mechanical means 
Doppler effect supply 


1 method als 
-workers (1). 
s the thermal agi 
resonating nucl 
v to the nuclei 
these methods a 
was ob- 


» YNO-KeE\ 


life of the 411-kev 
is found to be (3.3 
Other values 
ond method were for 
ma level in Hy 
for the 2S0-ke\ 
1o+ +4 10 > see. in 


i the result obtained ID 


ised the fact that Cu 


oduced by B-deeayv of Zn! 


additional velocity due to 
nd neutrino recoil, and 
the y-ravs emitted by 
ve a spread of energy. 


in the right direction 


the Doppler shift could compensate for 
the loss of energy due to the recoil of 
the Cu®® nucleus after y-emission, and 
therefore some fluorescent scattering 
could be expected. This he found, and 
estimated tl ilf-life of the 0.96 Mev 


level in ( 


Coulomb Excitation 
G. M. Temmer and N. P. Heyden- 
burg (Department of Terrestrial Mag- 
netism, Carnegie Institute, Washing- 
ton, DD. C.) reported experimental work 
Con} 


more 

honi- 

that the 

I ipproach 

be large compared. te he deBroglie 
wavelength of the incident particle, 
27,2 2e7/h , It alsoturns out that 
alpha particles are relatively much less 
effective than protons in exciting the 
characteristic A-shell X-ravs of the 
target element, thus lessening the un- 


desired by ickground 


Temmer and Hevdenburg’s research 
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ried out mainly with rare- 


ents far from magic numbers, 
may therefore be ex- 
more deformable than 
nuclei not so situated in 
table. The results are in 
nt with some of the predictions 
Bohr-Mottelson collective model 
leus and east new light 


ition and nature of low-lying 


els 


Interaction in 3-decay 
a8 


Columbia) gave an ae- 


S. Wu 
t of the present ideas on the nu- 
nteraction that takes place dur- 
mportant 
The first of these, 
B. M. Rustad and Ss. L. 


determined the angular cor- 


experiments were 


per- 


between the recoil nucleus and 
He®, 


performed 


rticle in the decay of 
md experiment 
en and \\ 
ned the eleetron-neutrino angu- 


ition by 


IK. Jentschke (4), 


measuring the energy 
f the reeorl Li' 


ght method. 


nucleus by a 
ts of these experiments give 


vidence in favor of tensor 


under Gamow-Teller selec- 
cperiments, Dr. Wuthought, 
carried out on O > 
sitions to choose between senlar 


nteractions under Fermi 
As molecular gases are 
B-rav sources for this 

she hoped that ample 
‘eould soon be produced, 
deseribed the work 
ne into the theory of pseu- 
a result of the 


to explain the Rak B-spee- 


further 


nteraction 8s 


is this particular nucleus 
ned, the work has turned out 
for Dr. Wu reported 
Smith 


ground 


nnecessary. 
result of KX. 
the 
fale has spin 1 and not O as 
thought. 


cation 


| ngland 


Photodisintegration 

New 
disintegratiol 
Koch (NBS 
Nuelear abson 
lout by passing the X-ray 
1 50-Mev betatron through 
bers Elastic 


methods of investigating photo- 
1 were described by H. W. 

Washington, D. C.). 
ption measurements have 


been carri 


seattering ex- 


been conducted. 


ata the Xe 
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av detector was a 





Conference Background 


Between 
clear Physies was 


general chairmanship of Professors P. 1 


meeting WAS SPONSOre db / the International Union o} Pure 


held in Glasgow ('niversity, Scotland, 


July | Sth and 17th. this Inte rnational Conte rence on \ li- 


under the 


Dee and J (', Grunn 71 hie 


and {ppl cd 


Physics and UNESCO; 336 delegates from 24 countries were present 





evlinder of Nal, 5 in. in diameter and 


9 in. long 


Absorption bands have been found in 


the transmission spectrum due to the 


giant resonance absorption and there 


is some evidence for single-level absorp- 


tion as well. In the seattering work, 


cross-section curves in general show 


two peaks, one at an energy corre- 


sponding to the giant resonance, and 
another at about the threshold energy. 

U. Fano (NBS) suggested 
this 


scattering 


reason lor behavior 


found if experiments 
regarded as ones in which one measured 


the the 


material, as in the analogous case of 


“polarizability” of nuclear 


optical scattering. If this polarizabil- 
itv is a, the oy, is given by the imag- 
inary part of a, and Oeiase by @*,a sum- 
all available 


In a region of discrete levels o1 


mation being taken over 
levels. 
absorption bands the average of a 
will be large compared with the average 
of a, but if there are no discrete levels, 
then (a*), g will show a similar sh ipe 
to the average of a 

This 


levels in the photodisintegration proc- 


evidence for discrete energy 


ess Was supported by results reported 


that the 
might be 


were 


by J. R. Atkinson 
cham 


found distinct proton g 


Glasgow cloud 
during the photodisinteg 

D. H. Wilkinson (Cam 
land to @eX- 


outlined a possible the 


had 
ladel 
results 
Ith of the 


plain the photodisintegrati 


in terms of the shell model 
heen reported previously at 


phia in’ May Among 


the theory gives the | 1-Wil 


other 


giant resonances nent 


much narrower than 


far from closed shell» 


latter cases nuclear intet 
the 


with experiment. 


broaden resonances 


The integrated cross sections Wilkin 
with 


the 


son obtains are in tau agreement 
However, the 


ory did not appear to meet with unan- 


experimental data 


imous support from the theorists 


present, 


Nuclear Models 


A session on nuclear data and nuclear 
J. A. Wheeler 
Princeton He spoke particularly of 


the work of K. A. the 


models was opened by 


Brueckner at 





Glaser Bubble Chambers—A New Research Tool 


Bubble chambers produce tracks when an tonizing particle passes 


through ad SU pe rheated liquid, much as cloud chambers do MSUNG SUper- 


saturated 1 apors 


cloud chambers is. the 


qre ater de nsily 0! the 


One ve ri strih, ing advantage of bubbl ( hamln rs over 


liquid medium, which 


Means a gre ater lil lihood both for an event to occur tn the chamber and 


for the full range of secondary particles to lic within the chamber. 
by Donald 


first anvestiqations were 


The 


A. Glaser of the University of 


Michigan who studied the e fe cts of ionizing radiation on the formation 


of bubbles and the boiling of liquids (9). 
At the Glasgow confe rence R. HT. Hilde brand (Chicago described the 


theory and practice of these bubble chambers. 
| / 


He showed photographs 


of tracks in a liquid pentane chamber which were remarkable for the 


lack of background tracks. 


Although this was partly due to very good 


beam collimation ‘ rapid er pansion and good photograph y also played 


an tmportant part in the clarity of the pictures. 


Further work is being carried out with liquid hydrogen chambers: the 


Chicago bubble chambers are still small, hut chambers / mn. in diameter 


and o an deep are hy ing made at By rheaele yf 10) 











phy s was taken up by V. F. Weiss- Chen and Shapiro at Brookhaven 
P| MESONS: kopf (MIT) who felt that nuclear have measured the total p-p scattering 


New Significance phvs ts would have to learn fromthe cross section between 400 and 1,300 
See Isotopic Spin olid-state physicists, particularly those Mev, and they find that it rises with 


t with such problems as liquid — energy Plotting all the available p-p 
i / pu spin “i I 1 nih | ind superconductivity. This cross sections versus energy, it is clear 
SOLO e i @ ° Sof qua ; 


: , , mporta » «yf he # rob- ‘ re Is s ‘ The 
mechanical quantity designed to of the many-body prot that there is a broad minimum. The 


reflect the charge state of park f I id previously been stressed by breadth of this minimum led previous 


H. S. W. Massey University College workers to the conclusion that the cross 


Isotopic Spins combine after 
fashion of ordinary ang i section was independent of proton 
wu nta and spins, ar 1»? regard to Brueckner’s theory energ\ 
tr ? ’ s, iT ’ 
| 


considered in applying % nucleus, Weisskopf felt it was a Interesting results with p-d scatter- 
su ‘ ( yin { 


The original ay tep in the right direction, in so far as ing were independently reported by 


tion was to nucleons, for 4 srueckner Was trying to explain inter- D. O. Caldwell (UCLA) and J. Rotblat 
T | i 1 ling I nuclear forces by the same forces as St. Bartholomew's Hospital, London 


2 Corre por 


principle 


to the proton, while T thos countered in free nucleon inter- Caldwell measured the angular dis- 
m, but he thought that one should — tribution of 20.6-Mev protons scattered 


. oo tart along @ same road. and | » Ari Gas ¢ at ap: 
Recently the description of charg * ther along the same road, and by deuterium gas and found that apart 


regard the mass of the nucleon as being from the familiar deep minimum neat 


r¢ pre sente d the neutron 


state in terms of tsolo pu spin has 


been extended to mw mesor the same inside or out 130 deg (center-of-mass angle there 
; | 


which T 1 and T \ Mass-19 nuclei. Two self-consist- was a shallower minimum near 20 deg 
corre sponds lo the + and O¢ ( ol ind experiment pupers were which Is ipparently due to ¢ oulomb- 
The valid resented by D. H. Wilkinson (Cam- nuclear interference. Rotblat stated 


of the m plicit aeevenntins ul rig England) and B. H. Flowers, that with 9.5-Mevy protons a definite 


states of the pion 


charge-inde pendence for on Flowers started on the peak was obtained at 40 deg in the 
| } 


I I | leus “ung doubly angul listrib urve, am : 
will be tested by the con pariso f “IS the 0'® nucleus, being doubly angular distribution curve ind that 


theoretical prediction and ¢ would act as a solid core as fat the latest results showed a minimum at 


ugreement with 


} , 
ment in pton-nucleon intera three nucleons outside it were smiles hngles in 
' 1] 
, , ind tl | low-lvit 
of the ty pe considered here ind that all low-lying 


f the nuclei 





Theory of Nuclear Forces 
University of Indiana In an attemp nfigurations  ¢ he tvpe , . A successful theory of nuclear forces 


to derive an effective nuclear potential , , : is not vet with us, but theoretical effort 
| the number f nucleons : a 
Brueckner considers an infinite n has been stimulated by calculations 
! ed from the d state to the s state. 
medium with a test nucleon sing ?, stemming from the approach of M. M. 
I Dasis, Using reasonable param- a . . , 
through it As in the optical ane blet lat Lévy Ecole Normale Superieure 
5 ( rs hus been able tO Caieulacte 
refractive index can be derived tl ' Is { R. E. Marshak (Rochester) gave a re- 
i V-iViIn itv energy levels [ol ‘ 
represents the scattering of the nu nm . . port on the status ol the meson theory 


the refractive index representing i! ' : ot nuclear forces rhis report was the 
‘ K on re ported work at Cam- P 
tion between wavelength and fre- ; result of discussions with Lévy 
br and his results agree very ; 
queney, or, more usefully, momentum Marshak said that the theory of 
‘ ! d with the ealeulated values : j 
and energy In this theory t ea mesons had been greatly helped by 
ol \ In energy, and spin Also in 14 ] 
tered nucleon has «a mass. insid parallel progress in quantum electro- 
* Tu with experiment are the ; 
nucleus different from that of tree : , ; dynamics and the formulation ot the 
I ! moment of F!9, the ft values 
particle, a concept that makes : : method of renormalization to obtain 
Jie and the mass differ- me 
to reconcile” Brueckner’s ick ol : finite answers The same techniques 
: > and O'8 F!® and 


and ©, For lack of , ‘ 
views of the strength of the inte: ol ae mesons are either scalar with scalar 
I levels cannot be compared 


freely moving particle with the can be applied to the meson field, if the 


between nucleons. coupling or pseudoscalar, PS, with 


riment 


So far, Brueckner’s treatmet hea pseudoscalar coupling (PS).* 


As mes- 
not dealt with the behavior of nucleor ons are pseudoscalar, a renormalizable 


Scattering Experiments : 


near the nuclear surface meson held theory exists i one assumes 


action with the nuclear wal rive rk on p-p seattering done at pseudoscalar coupling of the pion to the 
rise to collective modes of « it irvard and Brookhaven was dis nucleon 

analogous to those that take pl I issed by N. F. Ramsey (Harvard The only way of finding if this latter 
molecules In fact there ex xperi- rvard the differential cross sec- assumption gives valid results is to 
mental evidence for this ar ) I t dee in the center-of-mass work out the two-nucleon interaction 
fission cross section of thoriut \ ) te! is been measured asa function and check the results with experimental 


a resonance peak at rts neutron of p ol nergy from 388 to 95 Mev 


energy similar to peaks that rit ergy The experimen- 
the fission of the oxvgen molecule b ! connect smoothly onto the 
electrons 1! 1 ~ - for 32 and 120 Mev 


This connection 
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s calculation is a very for- 
isk, for to give the observed 
f the two-nucleon interaction 
coupling constant needs to 
G? 4m =~ 10-15) that the 
have to be taken 
This 
ilthough incompletely, by the 
Tamm-Dancoff 


terms 


labor has been 


unt 
method, which is an 
vement over the usual perturba- 


Impre 


oximation method. 
and 


tion appl 


Calculations of sixth- higher- 


terms are in an even more 
state, and unfortunately 
that the 
are in fact 


ible in magnitude to the see- 


ordet 
rudimentar\ 
implies 


Klein’s work (6 


higher-order interactions 
compar: 
ond- and fourth-order terms. 

Despite these difficulties, attempts 


heen made to fit the predictions 


nave 
of the second-order static nuclear po- 
the 
order terms with the low-energy 
scattering data. <A 
ctory fit is not achieved with any 


tential plus crude versions of 
fourt] 


completely 


potentials derived from the 
theory, although it must be 
mind that all the calculations 


of the stati 

PS(PS 

borne in 
from being completely satisfac- 
hemselves. At higher energies, 


order terms become even more 
the 
conclude that no fair attempt has vet 


the 


important in theory. One may 


been made to compare PS(PS 


theory with experiment 


7 Mesons 
H. A. Bethe 
mesons with a general survey 
papel He drew attention to the slope 
of the rw-p seattering curve in the region 
Ney the rapid 
increase in cross section at low energies 
150 
that 


chiefly concerned 


Cornell) opened a ses- 


S10on Ol 7 


0-300 pointing out 
and the sl} 
P-wave 
in the se 


the max 


ip Maximum at about 


rapid rise indicates 
mesons are 
ittering, and he suggested that 
imum was a true resonance 
a T 'y, Ps estate. Bethe 


the angular distribution 


caused by 
showed that 

photoproduction and for 2-p 

were consistent with this 
»> resonance, 
much higher meson energies, 
1.000 Mey 


the T 


At ve 
ibout a second maximum 
occurs -p seattering cross sec- 
‘ The r -p curve does not 
which must 
T Vy 

Tamm-Daneoff theory for 
ves the DD, . state as the first 


Bethe suggested 


i MaNXiImMmuM 


he attributed to a 


state, and 


ond maximum was due to 
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TABLE 1—Properties of Heavy (A) 


De Cay St heme 


2 or more neutrals 
>pt +s 
+ 1 neutral 


>u* + 1 neutral 


\ Certain. B Probable, 


T Some eviden: 


* Certainty 
€ exists tl 
decay 

t The L-mesor 


in this decay is probably ; 


, 
electron masses 


Mesons 


Vass in 
Half-life 


Y6H6 + > 10 


965 + 10 

1,200 

912 + 20 
950-980 


1,300 (? 


.200 


Cc Likely 


it this alternative mode occurs in 20 or 30 


r, but it could be a w 





TABLE 2—Properties of Hyperons (})’-particles) 


Decay scheme 


Vass (in 


electron MASSES 


2,182 


114 + 10 2 


116 + Z 2; 


Certain, B 


20g 
326 + 5 


Probable, 


582 
330 


Cc Likely 





although he admitted that 
calculations on this state do 


this, pre- 
liminary 
not give a resonance. 
A. M. Thorndike 
the 


tions 


Brookhaven gave 
which Bethe’s sugges- 
With the Brook- 


measurements | 


figures on 
were based. 


haven cosmotron, 


7-p scattering have been made from 0.2 
to 1.5 Bev. For 
Crt drops to 27 


Bey 


higher energies. 


positive mesons, 


0.45 
constant ut 


millibarns at 


and Is roughly 


However lor newu- 


drops to 
1.0 


tiv ely charged 
about 25 


pions, oO 


mb, rises to 49 mb at 


Bey, and drops again to 34 mb at 1.5 
Bey. 


Heavy Mesons and Hyperons 
C. C. Butler 


reviewed 


Imperial College, Lon- 
the 
hvperon situation; it appears to have 


don) heavy-meson and 
been clarified only little since the 1952 


As the 


somewhat 


fochester conference 7) 


relevant nomenclature is 
confused, it is worthwhile tabulating 
the data on the subject, 
by Butler, 


nomenclature 


us presented 
the 


19538 


somewhat 
at the 
Cosmic-Ray 


France (8). 


extending 
adopted 
International Congress 
held at Bagnéres 

Light mesons, given the generic letter 
L, include the w mesons and all lighter 
Thus the category at 


includes only the 7 and sw mesons. 


ones. present 


Heavy mesons, given the generic 
letter A 
that of 
proton 
the various 
in Table 1. 

Hyperons wre particles with a mass 
than that of a proton Once 


ure those with a mass bet ween 
that of the 


Several types are Known and 


the m meson and 


modes of decay are given 


vrenter 


charged and uncharged hy- 
hut the situation does not 
the cause of 
the 


this 


again 
perons exist 
seem so confused as in 
Hyperons have 
svmobl Y. Although 
the 


svimbol is) also 


heavy Mesos 
general 
charged 


used for 


hyvperons, with an appropriate sign, 
uncharged hyperons have the specific 


symbol \ it the | i? 
used particles 


reminder of 


notation lor these 
prey iously. 


The 
Table 2 


hvperon family is” listed in 
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How to Shield Reactor Beams 


Neutron and gamma-ray absorption in boron-loaded paraffin and water was 
measured using a Hanford reactor beam as the source. Shielding 


design procedure based on these attenuation data is illustrated by an example 


« 


By W. P. STINSON 
General Ele 


I;XPERIMENTAL FACILITII 

tor beams require localizes 

personne! protection. and 

reduction. In the absene 

ing theorv based on micro 

clear cross sections. design 

must be based on experimm 

urements of the attenuation « heat nd 3.25 tt hie was used to 

of similar energy in similar met \ ind ! borie-acid 
l Previous experiment oO not er he t m entered the tank thro 

tirely satisfy these criteria fy nut v1 w 101m 
Data are presented here f{ } ! r-filled ei tube 

tion of a reaetor neutron 


rav beam in water and in bo 


water and paraffin. Five Detectors 
ratios of hvdrogen to boror ire ent we ken in the 1. wit! \ 
sidered; in each ease iso-fluy 
plotted to show the spatial d 
of thermal neutrons and g 
ina horizontal plane throug! 
In one instance a lead br 
in the beam to determin 
neutron scattering when | 
a shutter to eliminate 
A design procedure bas 
tion curves derived frot 
tribution measurement 
It allows one to seale the 
experiment to beams o 
trv and energy distribt 
ent total intensity 
APPARATUS tien wan peak te canleme 
A beam of neutrons and ¢ ! hat were then 
from a Hanford react | racks | 
this experiment 
In, in diameter 


it entered the hydroget te - clei be n OD 
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Detector 
oles 


“1Ovpin = 
x 


\ 


~ 28 in 
® | 





2 


" 





‘ A a 
4 
\~ 


FIG. 1. Absorber used 


attenuation in boron-loaded paraffin. 


to determine neutron and gamma-ray 


Stacked cardboard cartons 


were filled with borax-paraffin and boric acid-paraffin mixtures 


current Was meus- 


Klec- 


iInearity Was confirmed within 


Photomultiplien 
vith an electrometer. 
tromete 
10% by comparing its readings for 
the current from a 


those ol 


high-impedance 
a galvanometet 
The 


source 


source with 


roummete! variable 


ind mii 

ipedance current Was 
d by a photomultiplier with the 
and the amount. of 


voltage 
king the photocathode being 
vitv ol the detector 
isted so that readings in mr, hr 


gamma 

taken directly from the in- 
The detector 

using 3 
The 


made with 


eould bye 


strument Was eall- 


brated source of known 


strengt! calibration measure- 


ments vere 


an aecuracy ol 


make the over-all accuracy 


306%. Since the 


>) ¢ 
20% t 
rough 


primary 


relative intensities, more 


the 


nterest Wus 

rate absolute calibration of 
Was not attempted. 

i the water tank the detectors were 

This 


stand stood on a piece of lumber that 


mounted on a ringstand. ring- 
ced across the tank parallel to 
m. The detectors were posi- 
aligning the piece of lumber 
marks spaced 3 In. apart on each 
f the tank and placing the ring- 
n marks spaced 3 in. apart on 
lumber. Only one detec- 

i the tank at any 
raffin mixtures the detectors 
To deter- 


he flux distribution perpendicu- 


one time. 


nl in the holes. 
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lar to the beam these holes were moved 


This 


moving the dolly upon which the stack 


across the beam Was done by 
of cartons was mounted In 3-in. inecre- 


ments determined by marks on the 
floor at the front and rear of the dolly. 
The entrance hole was maintained in 
the same position relative to the beam 


by shifting cartons as required. 


EXPERIMENTAL PROCEDURE 


Neutron-flux data 
the number of counts occurring in each 
time the 
a preset count of 25,600. 
This took approximately 1 minute. 


were recorded iis 
position during the monitor 
took to reach 

Gamma-flux data were read from a 
that 
each position ; therefore, the statistical 
than the 


Reproducibility was 


mete! gave a steady reading for 


instrument 
10%. 


error Was” less 
error, 

For each mixture the flux was deter- 
mined throughout the horizontal plane 
containing the beam Measurements 


were made every 3 in. along the beam 
and every 3 in. along perpendiculars to 
the beam at those points Data were 
taken in a svmmetrical pattern across 
the beam. Corresponding points on 
each side ol the beam were averaged, 


tank 


vond 36 in., two sets of data were taken 


To extend measurements be- 


for each boron concentration: one with 
and one without the Lucite entry tube 
The two sets of data were 
to dis- 


In position, 
then 
tance from the 
Where the two sets disagreed, 


normalized with respect 
point of beam entry. 


that set 


which was freer of wall effects was used. 
Where the cracks 
tons of paraffin caused experimental 


hetween the car- 


points to fall off a smooth curve, the 
data were discarded This amounted 


to 25° of the points in the worst case 


RESULTS 


Iso-flux contours sare presented in 


Figs. 2-7. Comparison of Figs. 2 and 
6 shows that thermal-neutron intensity 
in the beam is decreased a factor of ten 
by the addition of one boron atom for 
every ten hydrogen atoms in the shield- 
ing material. The slope of the lower 
part of the neutron attenuation curve 
differs little for 
Figs. 2 and 6. 
There 


TE) QPS 


the absorbers used in 


Was no. significant change 


flux distribution with 
concentrations of boron, 
effect 


caused by neutron absorption in boron 


Increasing 


Thus there is no distinguishable 


rather than in hydrogen with its more 
energetic Capture gamma ray 
Figure 7 shows the effect of suspen | 


lead 


position to 


ing a 2x 4 6 in brick in the 
intercept the 


effect on the 


water inoa 
No appreciable 
but the gamma- 


beam 
neutron flux is evident 
ray flux is strongly attenuated 


SHIELDING DESIGN 


Figure S shows the attenuation of the 


neutron and gamma-ray beams in 


water along the beam and along the 
perpendicular to the beam at the point 
been ex- 


The curves have 


past the 


of entry. 
trapolated linearly range of 
experimental data. 

One can use these curves for shield- 
ing design, remembering that the neu- 
strength was S.4 & 10 
that 


In th em sec 


tron beam 
epm 6 


4 i 
i hee 


nsec and intensity 
One scales the 
neutron flux at any point by the ratio 
of the design beam strength to the one 
emploved here. The beam PAIN Pay 
flux is sealed by the ratio of the incom- 
ing beam intensity to the 4.5 * 104 
mr hr present here. 

Since the number of scattering events 
is proportional not only to intensity but 
also to beam area, computations of 
gamma-ray flux perpendicular to the 
beam must include a factor relating the 
beam used here. 


area to the 1.76-in.* 


Empirical Analysis 

The design procedure can be based 
on algebraic relationships that present 
the data of 


The equations are formally similar to 


51 


Fig. S more accurately, 























FIG. 2. Iso-flux curves in water. Edges of shaded areas 
correspond to contours of neutron intensity in cpm every 
decade. Solid lines are contours of gamma-ray intensity 
in mr hr by integral powers of e 
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FIG. 4. Iso-flux curves for boric acid solution, H B 183 

those deseribing attenuation in> mor Sf, 
Y 

ideal geometry, but their parameters trike? 
are funetions of — the independent 
variable and are so plotted in Figs, or the neutrons, and 
9-12. 

The equations are / [ J 
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\ 0 
FIG. 3. Iso-flux curves in water-boric acid solution. 


HB = 456, where HB is the ratio of hydrogen atoms to 
boron atoms present in the solution 



































Iso-flux curves in paraffin-borax mixture,H B = 14 


FIG. 5. 


ramima ravs in the beam For 


for the 


the gamma ravs perpend ular to the 


beam an additional factor A 1.76 is 
required to account for the change in 
beam a ‘ 

2 The preceding symbols have the fol- 
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92¢s 
a 


inches 


= mS 


inches 

















lso-flux contours in paraffin-boric acid mixture, 


10 


lowing meanings: S beam strength 


flux in n em? 
in mi 


I neutron 

gamma-ray intensity 
relaxation length for a factor 

determined from the slope of 

in in.; R distance from the 

point of entry of the beam in in.; and 
j beam area im in’, 

For the gamma ravs, f is the ratio of 
initial that 
penetrate a distance R to the intensity 
For illustration, 


intensity of gamma rays 
of the original beam. 


l 


the beam gamma-ray intensity 36 in. 
from the point of entry into the water 
is determined from Fig. S to be 45 
Iixtrapolation back to 


tangent to the curve at this 


mr/hi 0 in. 
along the 
point gives the intensity 2,050 mr, hr. 


Therefore f, 


10 0.0457 since 


for this point is 2,050, 4.5 
104 is the 
intensity of the original beam. 

The factor f for neutrons is that re- 
quired to make Eq. 1 fit the experi- 
data. <A factor 
to cm? is ineluded in it; there- 


Ls x 


mental conversion 
from in 
fore fy, has the dimensions in? em’. 

For water fand L are plotted as fune- 
R in Figs. 9-12. No values 


for R less than about 


tions ot 
are given four 
beam diameters because the depend- 
ence on beam diameter is so strong 
there 

To find shielding dimensions neces- 
i beam of neutrons and gamma 


sary fol 
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FIG. 7. 


brick in the beam. 


Iso-flux contours in water with 2 * 4 


6 in. lead 
Note strong attenuation of the gamma 


rays, slight effect on neutrons 


rays, the dimensions for neutron shield- 
The amount that 
attenuate the 
The addi- 
tional shielding necessary to attenuate 
then 


ing are found first. 
these 


gamma rays is calculated. 


dimensions will 


the remaining gamma rays is 


determined, 


Example 


Given a 1!y-in. diameter beam of 10° 


nsec and 5 & 10% mr hr of gamma 





Neutron beam 


Neutrons, perpendicular 
to beam 


Gomma-ray beom 


Gommo rays, 
perpendicular 
to beam 


Intensity (Neutrons in cpm, gammo roys in mr/hr) 





Se ee ee ee eae ~~ 
O 4 8 [2 16 20 24 28 32 36 40 44 
R,= Distance from Point of Entry (inches) 











FIG. 8. Attenuation curves in water, for 
neutrons and gamma rays along and per- 
pendicular to the beam 


ravs; find the shielding dimensions for 
attenuation to 1 onoem?® see and 6 
mr hr. 

To find R from Eq. 1, a 


; trial and 
The graphical 


error method is used. 
design procedure using Fig. S can be 
used as an aid in choosing the input 
tuking the ratio (S.4 
10° times the intensity to which 


uttenuate the 


value of R by 
x 10°) 
it is desired to beam 
0.084 n em?® see. 
This falls off the 


; : ; » 
range of Fig. 2 


but it can be extrapolated readily to 
11.7 in., 


for the first trial value. 


give R which will be used 

Now, proceeding with the design: for 
R, 11.7 in., Zs 3.9 in. from Fig. 9 
and f from Fig. 11, 
and therefore 


O.5S7 in? em 


(10°)(O.5S7 
fr (41.7 


0.613 n em* see 


caleulate J “gain 
Then L, 3.9 in. 


em?*; thus 


Since this is low, 
using R, $1 in. 
O.5ST7 in? 


and fi one can 


obtain 


(10°) (O.5S7 
tor (41 


0.760 n em?® see 


This is still low, so try R, 10 in., 


then L, and f; are unchanged and 
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Neutron beam 





Neufrons, 
perpendicular 
to beam 
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Gamma roys, 
perpendicular 
to beam 
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FIG. 9. 


water 


Neutron relaxation length, L,, in 












Neutrons, perpendiculor 
to beam 


Neutron beam 
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FIG. 10. Gamma ray relaxation length, 
L,, in water 










Gomma-roy beam 
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10 
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Gommo roys, perpendicular 
2 to beam 
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FIG. 11. 


of neutron 


Factor f, for empirical analysis 
attenuation 


(10°) (O.5S7 
| f ! 
tr ( 40 
L011 
This Is heal enough for pract 
poses; im tact the uncertaint nm the 
original attenuation experiment vie 
this intensity uncertain to within 50 


To. fit 
pendicul: 
eedure 1 
L 2.1 
from Fi 


similar t 


10° 





ul Rin 


the direct 1 Der 


ir to the beam. the 

s used. For R 24.5 
sin. from Fig. 0 1) 69 
g. 11: then one obta 
ashio? 

isle 

O59 

45 

1.0 ( 
} 1 ¢ 
iey meirien I ( { ) 


FIG. 12. Factor f, for empirical analysis 
of gamma-ray attenuation 


ind 40 in 


the desired 


long wil 


neutron attenuu- 


t Phe ie Of neutrons in hy- 

genous material is proportional to 
the t of the hvdrogen (6 

: l eontains . Hagan 4s much 

| lrowe is Water per cm hence the 

dimensions just calculated should be 

iltiplied by 8 4 to get the required 

{ NSO! ot i parathin shield: R, 
10) Sg 35.6 in., length of parat 

f nd R 24.5 Sg 21.8 


ition 2 can be used to determine 


Thre ttenuation of gamma rays through 
thie iffin since the difference be- 
( the gamma-ray attenuations ol 

t paraffin is small. Thus 

hi 5.6 in., 2 9.37 in. trom 





0.047 from Fig. 12 


Fig. 10, and f 


I 5 X< 104 


0.047) «¢ 6/9 


22.6 mr, br 


For R 21.8 im, £ 5.87 in. from 
Fig. 10, and f 0.0071 from Fig, 12, 
ielding 
/ 7) 104) (0.007 1)(1.76/1.76 
( . , S.7 mr hr 
To reduce these gamma-ray levels 


to O mr hr, the nearest approximation 
for practical use is to consider the en- 
ergy of the gamma rays at this point 
as that corresponding to the relaxation 


hese are 
Mey. For 


O.S62 


in Fig. LO 


length as given 
found to be 2.5 


iron L 


Inserting 


and 1.0 
and L 


these values in 


O.0S] 


the usual ex- 
attenuation formula l 


L In J 1 


ponential 
Ty ¢ we 


in 6.0 


nna ry 
O.6S 1 
Similarly a 

0.45 in. of iron 


From 


backs ttering occurs here the beam 
enters the material ] ( nate is 
mue ot tt S poss tole i hole at least 
1? in. dee should be provided tl ough 
vhich the beam can enter 

This shield would be a « nder 44.5 
in. outside imeter and 48.1 in. long 
closed at one end and made o » In 
steel \ len ster disk nbout 12 in 
in diameter bolted to the osed end 
attenuates the gn i i beam that 
peneti ites the pul ffir t hich the 


to nee te the beam is drilled 12 
ll (Lee the p Tin I = hole is 
in the open end of the er so that 
t paraffin su e is presented to neu- 
trons ttered tro the he 


‘4 is Nt nics 11, No. 7, 3% 153) 
( WwW. l s 4 ‘ i diffusion 
t | NP-1418 
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Now... 
choose from 


five 


Speedomax 
X-Y Recorders 


@ Plotting X as a function of Y? Then one of 
these 5 types of Speedomax X-Y Reeorders 
will answer vour data plotting needs . . . will 
relieve vou of time-consuming point-by-point 
plotting You may require: a standard in- 
strument for routine research and testing; a 
| recorder for low level emf, pH, load 
measurements; an N)-N.-Y Re- 
plotting two variables against an- 
X-Y recorder which readily con- 
in X-Time recorder for all ’round 
use; ora Polar Recorder that plots 

on against angular displacement. 
listed specifications “may help you 
ne which X-Y recorder meets your 


requirements, 


2. SPECIALIZED X-Y RECORDERS 


MEASURING CIRCUITS—Either d-c poten- 
tiometer or Wheatstone bridge for X axis, for 
Y axis, or for both. 


RECORD-—Single-point curve drawing or mul- 
tiple-point printing (up to 24 points) on X axis. 


RANGES—X axis: 100 uv min., 1000 mv max. 
Y axis: 1 mv min., 1000 mv max. 
Additional ranges are available by using volt boxes, 
pre-amplifiers or high-impedance high-gain recorder 
amplifiers. Consult L@N Field Engineers about 
applications. 


BALANCING SPEEDS—3, 2, or 1 second on 
X axis; 4 seconds on Y axis. 


3. X,-X.-¥ RECORDERS 
MEASURING CIRCUITS—3 separate meas- 


uring and balancing systems for operating the 
X, and X; pens across the chart and the Y (or 
vertical) chart movement. 


RANGES—Consult your L&N Field Engineer. 


BALANCING SPEEDS—3, 2, or 1 second for 
X, and X, functions; 4 seconds for 10” of chart 
motion on Y axis. 


4. AN X-Y AND X-TIME RECORDER 


A kit of parts is available for field conversion of 
a standard or specialized X-Y recorder into a 
conventional X-Time instrument. The Y axis 
chart drive is replaced by a synchronous motor 
chart drive with chart speeds ranging from 2” 
to 3600” per hour. Plugs facilitate connecting 
the Y function or Time function as needed. 


5. SPEEDOMAX POLAR RECORDER 
MEASURING CIRCUITS—D-C potentiome- 


ter, Wheatstone bridge or adjustable slidewire 
attenuator for r axis. 0 axis or chart rotation 
(with zero at chart center) uses a synchro-servo 
system. 

RANGES—emf measurements, as specified. 
Null current measurements: 0 to 1, 0 to 2, or 0 
to 5 ua. Power level measurements: 0 to 50 db. 
BALANCING SPEEDS—,r axis: 2 seconds for 
5” pen travel. 

© axis: 60 angular degrees per second with full 
chart rotation of 360 degrees. 





[. STANDARD X-Y RECORDER 


MEASURING CIRCUITS—D-C potentiome- 
ter for both X and Y axis. 

RANGE SPAN-—10 mv d-c on both X and Y 
axis. Circuits are modified for convenient field 
choice of zero left or zero center on X axis, zero 
bottom or zero center on Y axis. 

BALANCING SPEEDS—1 second on X axis, 


4 seconds on Y axis. 


OPERATING AIDS—Chart tear-off device and 
solenoid-operated pen-lifter. 
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Want more information? 


Instrument Package for Reactors 


For more complete information about L& N's ecom- 
plete Nuclaer ReactorgControl Svstems, or about 
anv single LAN recorder, write to Leeds & North- 
rup Co., 4936 Stenton Ave., Phila. 44, Pa 


instruments utomatic controls « furnace 


Jrl. Ad E-ND46(1) 
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CROSS SECTIONS 


Radioactivity in Animal Thyroids from Various Areas 


By LESTER VAN MIDDLESWORTH 
TABLE 1—Radioactivity in Fresh Animal Thyroids (uc |'*! per Gram of Thyroid ds TE 
Unive ty of Tennessee 
Thyroid tis Memphis, Tennessee 





Place 
anughtered Speci the nimbe } ‘ 
The i\ vids ol cattle and sheep 
Memphis Unknown ttle June } slaughtered, during the period June 12 
Tenn.* to July 2, 1954, in Memphis, San 
Francisco, and Boston contained sig- 
nificant amounts of radioactivity with 


a half-life of approximately S dvs. 


Methods 

One lobe of the thvroid was removed 
from 39 freshly slaughtered beef cattle, 
10 sheep 


B San Francisco West of ttle June 16 | a 
5 lambs 


Calit Oklahoma 5 - 
beet ginhds were damag -ani- 
mals were decapitated The intact 
glands averaged approximately 10 gm 
per lobe. The radioactive determina- 
tions were made the day the animals 
were slaughtered. 

The lobe or fragment was weighed, 
ne, ee Local (? a . . inserted “ a 45-02 oimtment cup or 
, ; ; beaker and placed as ClOS@ US possible 
to a scintillation counter crystal. The 
gamma radioactivity was recorded A 
counting standard was prepared from 
0.1 ue | ina similar ointment cup o1 
beake! The radioactivity of the thy- 
roid Was expressed as wc gm ol thyroid 
tissue. 
Since different counting equipment 
was used in the three cities, a new 
standard was prepared for each coun- 


ter In Memphis, the standard was 


Joston Florida ttle July ) on 7 , 
prepared from I! solution standard- 
ized by Abbott Laboratories. In Bos- 
ton and Berkeley, the Oak Ridge cali- 


bration was ac cepted as correct. 
Twelve grams ol nonthvroid neck 
tissue lrom each of four animals were 
soston Kentucky uml July 7 similarly counted and found to be free 
from. detectable radioactivity. The 
energy of | y-ravs Was compared 
with that from several thyroid speci- 
Boston ee sae anes e = mens by placing a thin lead sheet he- 
tween the counter tube and sample. 
he half-life was determined on high- 
counting specimens by recounting alter 


appl tely S days. 


* After 6.71 ialf-lives, thy { f ‘ ttle. slaughter , 7 . adel 
. ¢ ha usu . abe al oes able 1 lists measurements made on 


was about 1 X107° we I per gr 
and cattle thyroid samples col- 
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various the United 


areas ol 
radioactive specimen in 
sunted 3,400 epm or 42 times 

The 


16 times 


average for the 

background. A 
16% of the 
from sample 17% of 
After 8.3 days, the 
facto! 


was 0.49 


plate absorbed 
3 and 
standard. 
cpm June 12 


the ['*! 


These data strongly suggest 


3 decay 


sampue 
epm June 20 factor 
is O.485 
at the rad 
., 


nstrument used for the group B 


loactivity was due to [!5!, 
inting efficiency was greatest 
The activity ranged 
32 to 2.5 times background (total 
back- 


Sample IS may have con- 


minations 


‘rie plus instrumental 


Phe counting efficiency of the equip- 
ment used for groups C-F was less than 
that used in Berkeley or Memphis, and 
the backgr 


The group & 


muund was higher. 
activity was 1.5-2 
ekground. Specimens 21, 22 
av have contained no T'!, 

mals of group D were said to 
cattle. They 
than the 


rea; the activity was 


range showed 


1oactivity animals 
Boston a 


mes background. 


Sample 35 
the radiation energy by 
lead sheet; the 
ition showed an absorption 

the | 


26% 


through a 


' standard showed 
After S davs, 


ption of 


ul ol 


the original activity 
sil Lpit 
The il 
to have been raised in Kentucky; their 


30 Was present. 
ibs of group E were believed 


lis were 


intact but quite small. 
only 1.7-1.3 
Sample 44 


' However, when 


ddoactivitvy was 


iwkground., may 
and counted 


2.6 


inds were pooled 


toget he the radioactivity Was 


times background in the 7.7-gm sample. 


Two of the lobes of group IF were 


counted separately and the remainder 


Nn Groups of 


ith #1 i} 


1, then all 10 were pooled 


ounted. The counts were 4—-1.4 


and ¢ 
times background. The decay rate of 
the 10 Pane 


the I 


led thvroids was the same as 


Discussion 
Most of these studies were made dur- 
ing an interval of approximately three 


] halt-lives 
radioactivity 


xcept lor group LD, 
was less with each suc- 
This 


coincidental 


ollection. could have 


ceSSIVeE ( 


been d le to biological 


Vol. 12, No. 9 - September, 1954 





TABLE 2-—Activity Corrected for Decay 


lrerage 
Group Hiypothetica 
and 


S per les 
, cattle 


cattle 
‘, cattle 
cattle 
. lambs 


2 sheep 





differences, coincidental differences in 
ptst. 


active decay, or a 


distribution of progressive radio- 
combination — of 
lactors., 

To evaluate the factor of radioactive 
decay, Table 2 was prepared by cor- 
recting all the activities to the date of 
the 
1954). 
from 


original observation (June 12, 
It is not possible to conclude 
the 


common 


these data whether or not 


radioisotope was from a 


source. As far as the author is aware, 
nuclear fission is the most likely source 
of this radioactivity. 

If, for purposes of estimating total- 


body |! 7 


are made: (i) 


the following assumptions 
the cattle 
20-9057 of 


thvroids of 
contained 
the total-body 
upon whether the average iodide intake 
hy) the 


approximately 
iodine (1), depending 
was low or high, respectively, 
specific activity of all the body iodide 
was the same as the thyroid, and (c) 


the average weight of the undamaged 


A was 20 gm, then 
in the cattle of 
group A on June 12 would have been 
intake 
intuke 


lower 


thyroids of group 


the average body I 


0.34 we if the average carrier | 
had been low or 0.07 we if the I 
had The 
amounts of I found in the other ani- 
differ- 


ences and from radioactive decay. 


been relatively high 


mals resulted from = individual 
Cattle and sheep ingest large amounts 


iodide (1 


Which should result in greater accumu- 


of tolage of low content, 


lation of the daily dietary todide in the 
thyroid of eattle than would oceur in 
carnivorous animals 


) 


It has been suggested that up to 


0.3 pe of | maximum permissible 


amount) could) be maintained con- 


tinuously in the human body without 


radiation hazard However, due to a 
lack of data, it is not possible to cor- 
relate the I! content of human beings 
that of cattle The data 


sented here do not indicate a radiation 


with pre- 


hazard to human beings or to animals 
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This is 
from the 
and the U.S 
autho expresses his 
Hardin Jones and 
Donne Radiation Lahor« 
California, and to the pu 
crine Laboratories Veu 
Hospital, Vassach 
ation and use of the 


Boston. 


coo pet 


Radiogold Administration 
ea 


By D. L. TABERN 
De partme nt of Radioact 
Abbott Laboratori« 

North Chicago 


Pharn 


aceuticals 


j 
llinois 


Exactly caleulated dosages of radio- 
gold colloid, 


“bulk ” shipment ean be administered 


from a “‘single-dose”’’ o1 
into the pleural and peritoneal cavi- 
ties by the 
method* described here 


Sterile colloid is withdrawn from the 


improved gravity-infusion 


shipping vial into a 5¥-in.-lead-shielded 
svringe (American Cystascope Makers, 


New York); 


radiation at the shield sur- 


*D. L. Tabern, G. I. Gleason, R. G 
Leitner, Nucieonics 10, No. 2, 63 (1952 


RADIOGOLD gravity-infusion set up 





face is 40-50 mr with a 100-n ( sa he vial’s radiation 


The syringe plunger is operate cilitates this by 
knob, actuating 
is calibrated to 
\ locking device on the syringe } 
delivering the desired volume 

A 10-em 


minum-sealed 


a sliding bat inclined at 


the oul ree ume delivered per fi 


indicate 


of the knurled svringe wheel 


mall as O.1 em’, any dilution 
bacterin vial, wv wu \ properly timing the 
stlicone-rubber { | I ls The operator need be near 
Is set up in: 


ith walls \ 


the stopper supplies saline fre 


t lead shield ha f the nge only during brief moments 


needle inserté for turning the wheel 


pack infusion set (silicone rul ling and emptyvn 
mits insertion without applying pi t ne wash f, at the end of 


sure \ 
the bottom of the vial, 
directly 


second needle ! cenit l ! flies ry forced nto 


to the pleural Ol 


r} 


cavity. Infusion is starte need not we 
tubing is dispos- 


all seems to be operating proper t! ! than 30 1 {ll 
Ss stoppel 


The svringe barrel pped ! ile ff The cost 


syringe needle is inserted thi inexpensive 


stopper 


intoa clamp, which keeps the «1 equipment 


Dose Received by Thermal Neutron 


Treated Drosophila Melanogaster 


By R. C. KING :; b df)/CIB females x X.Y8/Y! 
Biology Department tot i mal nial offspring I 
Brookhaven National Laborato | I emule x X \ \ 
( plon, Vew York 


In calculating the biologi 


thermal neutrons, tissue 
attributed to the summa 
ture and decay radiations 
radiation dose is a tunetior 
mentary Composition ana 
In most thermal-neut 
reactions, the capture 
sists y-raves TI ’ " | 
ure 1 pyc" B 

neat I 


able energy of O.6, 2.4 


In these ¢ 


respectively, is distribute 


1 
} 


recoiling nucleus and t 


cle The (| nopos 


( 


disregarded because 
section. 

Tissue analyses of 
nogaster adults (Tab 
nully made on samples 
Where 
male analvses 
are given. The latt 


facilitated by 


SECNCS, separa 


were | 


vreatly 
svstems that produ 
female — offspring 


were produced by tl 


58 


( 


abundance ( ol 


uit weight of tissue; 


the atomic weight of the element 


» number of radioactive atoms 


resulting trom a given capture re- 


wtion) | from the 


esent upon remoy 


where) he ! on con- 
stant daughter 
0.693 


disintegrations occurring 


ssue during thermal neu- 


ind during an interval 


disregarding biologi- 


given by Dy + Da, 
OCcCUIring 
ind D 


tte exposure 


dusintegrations 
R y* 


Ss occul 


Dosture 


liation dose 


reaction 
liberated energy ab- 
fly, Z 
electron 


of tissue by | 


Capture-Radiation Dose 


doses of | 


npared 
oOlnpared 


0.00429 


oton-eml 
0.0009] 
H? reaction 


substituting 0.025 em 


ment 


neal ibsorption coefl 
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trom radioisotopes of similar or longer 


TABLE 1--Composition and Capture Reactions of Drosophila Tissue bolt tives than Wa Stee he dissemardad 
Short half-life Cl, produced in 
smaller quantities than Na*! under- 
goes almost complete decay The 
maximum energies of two of the three 
C1* 3-particle spectral distributions are 
greater than the / for Na@®* Thus 
him Cl produces a negligible radiation 
1h) 4 21 X : ; dose, because of its small amount and 
OOO2 “i X . ) , because a smaller fraction of the @-ray 
00059 (mi energy would be absorbed in Drose 
tissue than in the case of Nu 


QOOOTS 3,900 1. : Since decay radiations co 


OO032 


tor negligible radiation dose 
120 . flies, it is evident that protons 
14 ) x 5 xX ‘ nitrogen capture reactions 
O56(m 2.3 | , , physical basis of the biol 
x 10" < x , of thermal neutrons in adult Drosopla 
rie lanogaste ra 

1Q' 
bho 2 7 38 X& 10% 

los 
OOO? / : 31 x& 10% 


88 xX 10 BIBLIOGRAPHY 


departmet Ww. 


ind hydrogen (Mis ©) , cm, Z. 278, 4 as 


313, 


* text 





and 0.0371 em tor l4d-day half-life It is believed that 

an H-capture these phases represent respectivels 
abdomen (10 Cl; Mn°*: a mixture of Na** Kt 

e een, The and Cut*: and P From the sodium 

1.300-ev recoiling potassium and copper content of the 

H'(n.y) He reaction (11 flies, sodium should aecount for the 

tissue. The 12-rep Rp» majority of 0.5-day half-life radio- 

ire reaction is made up activity, potassium giving 0.5 the so- 

ntribution from the cup dium count and copper giving O.OL thi 

DS rep from the recoil- potassium count 

A Q value was calculated for Na 


of tissue capture re- since it Is the most abundant of the 





» hydrogen, but only short half-lived isotopes formed during 
apture-radiation dose thermal neutron treatment. It) was 
hydrogen, then all found that 71¢Z of all a** atoms 
ipture reactions con- formed by a 5-hr do | XK 10 ne 
:mounts to the total em? have decaved by one day following 
‘Consequently nitro- removal from the reactor. The InAJO! 
ms are responsible for Na*t B-ray has a maximum energy of 
the ionization in tissue 1.39 Mev and a ealeulated average 
ipture radiations. absorption coefficient (a 5.32 ¢m 
usIng a SS] 12 R, the 
Decay-Radiation Dose dose in rep absorbed by the organism TABLE 3. -Capture-Radiation Doses to 
Adult Drosophila (1 * 10'’ ny, cm 





determined tor from P-radiation trom a specified de- 


female flies ex- caying radioisotope, is given by 

" Reaction Dose 

r to a thermal . . 
if QE. F/Z 

10° my cm? /see. 

Ni4 n,p Cis 316 (92.9% 

i! " 11? 12 

; Li®(nja)H 

\ “ecurve-peel- — Eyaz = the maximum #-particle energy. pio» Li 


sis revealed phases of ap-  R calculated for Na** is 0.13) rep 


were noted be- where z. the average energy | 


rections were made the emitted 8-particle Besa! a0? 


=F ‘ ; ; ? Total 340 
! te Ooo-hiyt o-tl O.5-day and Since this dose is ne ligibie B-radiation 
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the uranium into a 
but reduces thorium 
—--=0.026mgU { o about 1°, of the ura- 
==: 30.219 me U 
wow = ().525 me U 
—_—=— Co meu 
=——=—=s (5S mel 

mg U Tr ample to a 150-ml 
mg U beaker and dilute to about 40 ml with 
mg U sufficient hvdrochloric 
he solution about 10% 


acid ) volume Add S gm of solid 


Absorbance 


potassium thiocvanate and mix. The 
solution is usually red at this point 
ld stannous cl 
intil the re« 








Wovelength (my) 


pentuether- 











( expected 
FIG. 1. Spectrophotometric curve of uranium thiocyanate in pentaether 
ether and 1 m 
uramium content is 0.02 
of the ether plus 1 ml of 


Photometric Determination mix’ may: be used for the detection of 


quantities ol uranium 


solutions for 30 see and let 


of Uranium in Thorium und until the aqueous layer is nearly 


tbhout 5 min), then drain off the 


By LOUIS SILVERMAN rah and Beanssh* found that lower aqueous layer. Dry the inside 
and LAVADA MOUDY horium interfered in the photometric Of the stem of the funnel with absorbent 


North American Aviation, In tery ition of uranium as thioeva- tissue Filter the vellow or pink or- 


Atomic Enerqy Research Department , ; iqueous medium. Thev com- ganic layer through drv No. 1 What- 


Downey, California man filter paper into a 25, 10 or 5 ml 


for the thorium interference 
iw a standard curve for tho- volumetric flask. using clear pentaether 


Determination of uranium 1 | Im-t nium mixtures, as wash liquid to fill the volumetric 


rium metal alloys and salts uper describes how extracting flask to the mark. Mix rhe faint 
terest since uranium is found in the Ira Im into a nonaqueous solvent not pink color fades to the proper vellow 
color in 1-2 


After the mix has stood 


thermostat at Zo 


rium ores and is used in conjur 0 E. Cur F. E. B I i 
irran se AaMIsh ( ' 


609 (1947 


with thorium in special processes 19, 





: $ ] eitv a e eter ave- 
Extraction and Photometric Materials lensity at the selected wave 
| obtain the uranium content 
Reagents from the calibration curve 
Hydrochlo weific gravit \' Note: Glassware should not be 
Pentaethe butyl } , tetraethvlenc ; oO C.H,OC.H.OC-H, ee! rinsed with acetone, since acetone In- 
metallic tin in contact with reagen ent pplied by Carbide and rl tensifies the red color extracted into the 
Chemical Co. and labeled | toxyv tetrag pentaethye 
Pentacthe hinno hlorid pentaether iturates Wl Stannous chlor Calibration curves preparation. 
solution: keep metalh tir ! nt t wit 30 tor - 
rep i ries ot loO-m 
im hudro li , bu “ mi w Ke 1 Oly 
i pin | ipette 


0.0] 


acid solution; keep met 
in contact with tin 
raniun 

standardized by 


1.000 ug ml 


Apparatus 


hetween 360 and 420 mu 
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Typical installation of Stokes Vacuum Pumps 


Stokes Microvac Pumps... 
hasic to Vacuum Processing 


High volumetric and mechanical efficiency 
make these famous pumps economical and reliable 
units in any vacuum system. 


Send for new Vacuum Calculator for rapid slide-rule 
calculations. Includes standard ABCD log scale. Also 
send for Catalog 700, ‘‘Stokes Microvac Pumps for 
Capacities of Stokes Microvac Pumps run from 15 to High Vacuum,"’ with copious reference material 
500 cfm ... pressures to 10 microns absolute. Power 

consumption is low and the top-mounted motor contributes 

to compact design requiring minimum floor space. 


Lubrication of the four moving parts (including the exhaust valve of 
corrosion-resistant Teflon) is fully automatic. 
There are no stuffing-boxes or grease-fittings, and no packing. 


Send for copy of a new hand 


) o lich _finic 7 ar . ; wreh-: oe , 
Parts are precision-finished, standard and interchangeable Seal Ns i i Mi Mia 
Freedom from wear assures years of trouble-proof service. : Vacuum Pump.” (Bulletin No 


. . . : . 755). Contains many valuable 
Stokes is the only manufacturer of equipment for complete vacuum = | suggestions ebeut instellen 
systems, including Microvac mechanical pumps, oil diffusion tion, starting, servicing, 
pumps, McLeod Gages and Vacuum Valves. trouble-shooting, and helpful “Do's” and 


Don'ts’ on vacuum pumps and systems 


Consult with Stokes on the application of high vacuum 
to vacuum melting, casting, sintering, heat-treating, 

and de-gassing; to vacuum metallizing, gaseous 
diffusion, emission equipment and to other 

purposes for which vacuum deserves study. 

F. J. SrokES MACHINE COMPANY, 

PHILADELPHIA, Pa. 


STOKES MAKES Plastics Molding Presses / Industrial Tabletting and Powder Metal Presses / Pharmaceutical Equipment /Vacuum Equipment /High Vacuum Pumps and Gages /Special Machinery 
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FIG. 2. Absorbance curve of 
thiocyanate in pentaether 
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FIG. 3. Spectrophotometric curve 
nium thiocyanate in pentaether 
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FIG. 4. Absorbance curve of pure penta 
ether; water as blank 


tion 
spectrophotomet IK sequent 


inium curves not mo 

thorium, are neu then 
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Gamma-Ray Dosimetry 


with Cellophane-Dye Systems 


By ERNEST J. HENLEY 


E) 


( 


tH) 
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FIG. 1 Aluminum holder 
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FIG. 2. Transmission vs dose for several 
initial filn readings 


satisfactorily controlled 


and the initial transmission 
too promiscuously. 

ave been carried 
hane films in sep- 
sandwiched between 
sheets. <A 
-rav source of the tvpe de- 


Henley (14 


vethylene 


and Manowitz 
» change in per cent 
' for several differ- 
m readings. Reduction of 
radiation is a random shot- 


a constant fraction of the 
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dve reduced 


to tl e leuco torm 


remaining 
first-order reac- 
tion is obtaimed | correlation. tias 
been masa ! Palisthission so 
that the do 


straight-line tur 


expre asec 
Between 0 


Ings. 


\ here i 


(dose rT, 7 


Tras tssion : 
oentge! } 
initial transmission at 

The probable errot 


HOS, in the 
o X fr. 


POO OO0-1 
Furthes 
the accurac aepel 


eral utility of these 
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TECHNICAL BRIEFS 


controlled =o mianipu- 
reflection, has 
been constructed at Argonne National 
Laboratory. Deve oped D\ me © 
Goertz and W. MM the 
Control Engineering Div., 


@ Electronically 
lator 


Incorporating torce 


Thompson of 
Remote 
design was reported earlier in 
Nov. ’52, p. 43 \Ia- 
Argonne’s three- 


unit’s 
NUCLEONICS 
nipulator is used with 


dimensional television system for re- 


mote operations 


e''Zipper’’ scattering chamber, re 
ported at the June 754 American Physi 
Minne ipolis 


cal Society meeting by 
C. J. Cook. provides continuously varl- 
able vacuum port for studying energ, 
and angula spectrum through 0-150 
deg symmetrically about the incident 
diaphragms under 
pressure form vacuum-tight seal along 


slot 


beam Two rubber 


in vacuum-chamber wall; port 


slides between diaphragms without de- 


stroving vacuum. Detecting appa 
ratus is placed outside active portion 


of seattering cell 


e Exhausted filter 


concentrated 


cartridges, con- 
fission 
(tom 


(ak 


tuning waste 


products, are suggested by 

Energy Waste Disposal Service 
Calif., for sterilization of 
Phese 


should = provict 


land, 
food 


, } 
maceuticals and resin- 


exchange cartridges 


expensive sources, 


@ Periscope with depth perception 
has been developed at Hantord. 

model has magnification 

10 & 
cost S4.500 
stereo TRICroscope two 
are picked up by 
ind transferred thi 
relay lenses where 
focus before a 1 
nucroscope Cont 
ivoided by 

angles or through dif 
It is mec hanically 


no nadypustments, and it 


out of alignment 


@ Photomultiplier test device, 
du Pont Instrument Ds 


Lin Iston 


oped by 
ment checks reso 


vice cols 


relative gain De 


light source opti il filter 


plifier. Photomultiplier output pulses 
are examined by sweeping pulse-he 
Resolution, computed 


inalyzer 
graph of pulses per unit time vs 


height, is easily read to within 0.3‘ 


© Co’ therapy unit, used for « 
treatment at Argonne ¢ 
Hospital, utilizes Veeder-Root 


pump computer to 


> 
ince! Resen 


iIndieate rad 


dosage, exposure time, and dose 


Cobalt-60 


cartridge Is in eente 


So0-lb uranium ¢ 
rice constructes 


Nation il L 


lurgest ever 


Argonne 


toornatolr 


© High-vacuum seal-off valve, «|: 
by R. J. Richards of NBs 


vacuum from atimosphet 


protes 
system 


all times and may be used 


seal or Combination safet 


Valve. Principal parts are 


dle and stem, valve bod 


and removable bonnet enclo 


and adjacent end 


Movable seat contains six | 


assembly 


which system is pumped out 
duce bulkiness, all parts excey 
unit 


sembly are removed : 
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FIG. 1. Energy distribution of fission neu FIG. 2. Relation of velocities in center-of- 


trons from U nass and laboratory systems 


How to Use the 
Fission-Spectrum Formula 
in Reactor Calculations 


one 


By R. L. MURRAY, M. R. KELLER and D. E. HOSTETLER Average, Most-Probable E 
North Carolina State College Rea } \ ( 
Instead of taking account of the 


sion-neutron energy distribution 


often convenient to consider that all 


energy of neutron rela neutrons have a common energy equal 


energy-distribution measure! 
l -fission neutrons accurate fit the t t Iragment, v neutron ve- to the 
semi-empirical formula in Fig d (laboratory system 


The relation can be used to determine ( nge of emission energ 
values of the effective slown low! y hy will y wah 

length of neutrons ina reactor 

tor and to evaluate the average diff } t 0 Repla 
sion coefhicient of epithert equivalen 
for group-diffusion theory substitution 


respect 


This article derives the ! tru I lie ign rn get | 
formula presents useful fort 


calculations, and tests an appt 


procedure InvolVIng replace! 


spectrum by «a 2-Me 


source 


Fission Spectrum 

The spectrum formu 
the assumption that a ne 
Irom & moving Tssion 
equal probabilits 
tions, and witl 
function F'(e¢ 


From Fig. 2 
v v 


ol Miss 
lragment 
tive to 
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probable 


| energy 


Slowing-Down Density 


sVIni- 


the 


The slowing-down density, 


kr) is defined as 
trons crossing an energy 
t volume per second ata 
moderator. In a non- 
um of infinite extent, 
original fission neutrons 

past a given energy 
independent of position 
qu il to the total number 
that 


second above 


» 


evaluated by 


those in the 


integral, let 
the second. let £ 


make 


VE 
VE 


use of integral 


2 V F | 0 ¢ , dy, 

Note that 
the correctness of 
factor A. In the 
x. q—>0, as expected, 


vs glk 


ng tables of the error function. 


with 
ertou q(Q) 


cheeks 


malization 
as computed from 


itron shielding calculations, 
Ek) can be used as the 
emitted 


{ 


neutrons 


ss1on 


rger than a specified 


Diffusion Coefficient 


up method of determin- 
ritical size and neutron- 

lves solving the 

equations repre- 
of two. classes 
are the thermal 
icteristic energy Eu, and 
The latter is a 


with properties 


group 
hiction 

se of the (properly chosen 

The 


»is assumed to obev a law 


thermal neutron, 
J D vO where J is the 
rent, D, is the fast diffusion 

1 Vo is the gradient of the 
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Slowing - Down Density, q(€) 
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FIG. 3. Slowing-down density of neutrons 
in infinite nonabsorbing moderator 


The the 
of the energy -dependent dif- 
A,/3"* the 


thermal, using 


fast flux. quantity D Is 
average 
coefficient D 


fusion ovel 


range of energies above 
the 


factor. 


appropriate flux as a weighting 


dD, (e,.D kK )\d@kjdk 


O(h)dE 
(4) 
where $(E) is the flux density of neu- 


kk. According to 
infinite 


trons at energy 


Fermi age theory for an non- 
capturing medium, the flux is given by 


ok q(k)/&d 

where & is the average change in the 
the 
with 


natural logarithm of neutron en- 


ergy pe! collision moderator 


nuclei. The expression for the slowing 


down density q given in Eq. 3 can be 


used in conjunction with tabulated 
cross sections to minimize the numer- 
ical integrations in obtaining D,. 

An alternative method of finding D, 
is to assume that all 
start at 
Mev. 
stant, equal to the number of fission 
neutrons emitted per second. As such, 


quotient of Iq. I. 


neutrons 


the average energy E 2 


fission 


This implies that qg is a con- 


q] cancels out in the 
Integration of Dy, is then performed 
with limits Ey, and 2 Mey Thus 


ration 


two methods and tabulated cross sec- 
For a oderator, 1) 
ix 1.0S5 when fission distribution is as- 
a 2-Mev source 


1.62 


tions (5 water n 


sumed and 1.020 when 
For a 


moderator, 1); is 


graph te p 
1.054 for the 
1.067 for the 


is used 
fission 
2-\lev 


ix surprising|\ 


distribution and 
source, The agreement 
In view of the uncertainties in 


rood 


rigor of age theory, two-group method 
and in cross sections of oxvgen and car- 
the high-energ, esti- 


the 


range, 


bon in 


mates based on assumption ol a 
2-\ev source are often idequate 
exploratory estimates on modera- 
tors composed ol mixtures are Taciil- 
tated bv the bor 


such computations, the sections 


simpler method 
Cross 
are sums over the components, weighted 


Thus 


by the volume fractions f 


1/Xe a7 
v ft.s 


< 
S S 


Slowing-Down Length 


Slowing-down length L, of | fission 


neutrons from their origin at energy / 
to the 


reach thermal energy / Is 


point in space at which they 
given by 
Fermi-age theory as 
- [° \. dE 
T(E e383. E 
The average age for a fission distribu- 
tion is then defined as 


r wo 


Tavg | Eat (kh )S kjdk 


Since the product &2, is a function of 


energy, numerical integration Is re- 
quired for both stages of the caleulation. 
An approximate value derived by 


assuming fission energy of 2 Mev is 
[. \. dE 


tested for 
theory is appli- 


The 
graphite to which age 
The 
342.7 for 
the 2-Mey 
experimentally. As 
calculation of Dy, the 
Mev is 


substance and simplifies computations 


two formulas were 


ol T in em*) 


eable. values 0 
distribution, 
350 


the 


were fission 


349.2 for source, and 


was found in 


approximation 


using 2 accurate for the pure 


for mixtures 
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THE COVER—Same Goal for All Reactor Types: Competitive Nuclear Power 


Advances along the variou ite Homogeneous Reactors Graphite Piles 


t LOPO. J Output Pile: Los Alamos CP-1, Chicago Pile No. 1; Lemont, Ill 
clear power are illustrated on th NLM CP-2, Cl go Pile No, 2; Lemont, III 


SUPO, Super-Output Pile; Los Alamos HANFORD, Uanford Plutonium-Pro- 


Organizations and the reacts . 
they are developing include: Argonne HRI 
National Laborator breece ns 
rine seacwe; S Ridge L Downey and Livermore, Cal . 

National Laboratory, homogene ° RALEIGH. North Care me : Light-Water Reactors 

wtors; Los Alamos National Labe oa Water Boiler: Raisieh. N. 4 MPR, Mater Pesting Reactor; Arco 
tory, water boilers; North American |] RH-2, Homoger | 
Aviation, water boilers and ; 9: Oak Ridge. Tenn STR 
raphite reactors: Westinghouse Ato HTR, H vweneous Thortum Reactor 

Power Division, pressurized ter r Ridge, Tent 

ietors and submarine therm 
Knolls Atomie Power Laborato 


narine intermediate reactor 


Liquid-Metal Reactors 


_- 

=> 

=> 
/ 


LOS ALAMOS AST) React . | 
MOS 3 BOILING EXPERIMENTS, A 





Ah ’s new D I power l I \ ‘ \ \ Id . 
eclopment program (NI \ D4 : BR i hla Breeder Reacto EBWR. J erimental Bo os W 
72; July ’54, p. 48 Lime t : eee sie Reactor: A 
he | ar I BR-2, Experimental Breeder Reactor 
vetting the tacts necessal ( eve \ a. he 
° ‘ Ilxecry , ) 
the most economically-promising SIR-A. Submarine Intermediate Ri Heavy-Water Reactors 
NU, June ‘54, p. 18 tor I-based) West Milton, N.Y. pig 4 Pile No 
Svimbol designations, name SIP.R Ss a a | >, ; 
fos , R-I In K YR l 
locations © the Various ene ri t SN NM, Wo R ; ( ine es 
viven here Brief teehmi ( cP ; aved' OP loam ol 
tions of many of these react Sodium-Graphite Reactor C] ( ‘ ; 
been published previously (NU, M SRE, Sodium Reactor Experiment; Santa) SAVANNAH, Savannah River Produ 
yoy. LO: Deere 4 Ho ~ ( tion R { \ Ss. ¢( 
ko try t } ( 
~ ay ? t + 





s A a AY | 
f Af | sate 
| | | 
o / Gamma Source 
ly U ‘ ae 
=o th ¢ 
For this type facility, estimates have been made of th - 
t ay hd { 
P titie ( 
ad . . at \¢ x 
_.. Economics of Pork Irradiation — 
ute ( { 
By H. J. GOMBERG, S. E. GOULD, inresolved problem his tages ( ed fi 
J. V. NEHEMIAS, and L. E. BROWNELL { ents a cost study of a meat During maintenance work in t 
j / V/ . nt cl ened t Ry ) ‘ t , rile the so ( 
| | V/ 7 ti v { ( te t ( 
Rad 1 Lowe the fig é M 
breaking the = trichine ‘ t linte 2.000 carcasses 
ye rk ] But its « 1S 


September, 1954 - NUCLEONICS 





The NEW and IMPORTANT 
ROLE of INDUSTRY in the 







NUCLEONICS 


...and how the 
NUCLEONICS BUYERS’ GUIDE 
ean direct PRODUCTS to this MARKET 


The Magnitude of new developments made 
possible by the Atomic Energy Act of 1954. 


Now the legislative door has opened and industry is free to enter 
the market of nuclear energy with its vast, incalculable possibilities. 

Already appropriations have been made and work begun on 
projects that spell the beginning of the greatest power revolution 
since the invention of the steam engine. 


These are the FACTS .. . here is another FACT... . 
A MARKETING FACT! 

Here is a MARKET . . . @ ready-made market that you, the 
manufacturer, can reach through the only authoritative journal de- 
voted to the nuclear energy industry .. . 

the NUCLEONICS BUYERS’ GUIDE. 


Now is your chance to get on the ground floor of an industry 
by getting your product story told fo the purchasing influences of 


CLOSING DATES: 
Copy to Set: 4 D 
October 1 





A McGraw-Hill Publication 


Vol. 12, No. 9 - September, 1954 


Wont more information? 








UGE RO iGo 


330 West 42nd Street, New York 36 


Use post cord insert in this issue 





the nuclear energy industry . . . products that go into the building 
and equipping of laboratories, reactors, research centers, power 
plants and other non-weapons technology. 

If you have or are planning to reserve advertising space in this 
important November Issue of the “‘Guide,"" you will welcome the 
news of the Atomic Energy Act of 1954 and the impact it will 
make upon broadening the base of this lucrative morket in a truly 
growth industry. 

You will surely want to reserve space, now, in the November 
Issue... 

the NUCLEONICS BUYERS’ GUIDE 
where the key purchasing inflvences {all 11,000 of them) will get 
to know your products and services by seeing them odvertised in 
the only publication devoted to this new and vital industry, in . . . 


CLOSING DATES: 
Complete Plates: 
October 7 
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idiation Using a single 24 ft | cost $2,500: ex ition fo 






6 ft ny by 5 ft by 0.44 nn footings and shorings, S600; 375 vd ot 






IN MAKING 


If 1) tion is about 13.500 r/min quire ito rent a crane to sf mecrete 
Wit ) \le soures thre pork Surlaces to the second floor Cot Tie mstruc- 
PAY sabi 







tes 30,000 r in 2.1 min when tion items «are elevato mechanism 








t nveved at i speed of 6.67 tt/ min $2,500 on exchange ¢ juipment for 
The center of a 14-in.-thick carcass well water, $3,000; monitoring equip- 
eceives 25,000 1 A dose of 15,000 1 ment, 34,000; wiring, $200; water lines 
terilizes trichina so that they cannot — and pipefitting labor, $800; access doors 






reproduce and cause infection with safety interlock, $1,200; ventila- 





tion system, $2,000; retrigeration lines 





an experienced team of 









hemists, physicllaaa Cost of Radiation Chamber SAR00- beckeradine ead wsletios 
Tot nitial investment for the radi- $450 COnVeVO! mechanism S6O.400: 
ition chamber will be about $566,000 and engineering, contractor and mis- 
Of this, $58,000 is for construction of cellaneous fees will run to $14,000. 
the chamber [without source and a A shipping container for Cs!* sources 
Dy, cessories, the $45, yd* cost compares might be supplied by AKC or by an 
— favorably with the $42-50 vd* range industrial handler of fissior -product 
for industrial buildings (2 The stain sources If not, a steel-reinforced lead 






Nuclear Development Associates, Inc. 


America’s senior nuclear engineering firm, 





offers to industry specialized research, Annual Operating Costs of Pork-Irradiation Unit 





engineering and design 
ised upon todays advanced 


r services for govern- 





y include 





Wages, salaries 


Exne 
new sources of energy \l 


\Iaintenance engineer with health physics training time 3,000 


d health physicist » time 1,000 












uses of radiation Cleaning and sanitation (part time 1,000 
S000 
de ial f Teal 
design of nuclear reactors — n and clerical labor (10% of operation S00 
process instrumentation Salaries and wages not associated with operation of Hation chamber (o0 
f t labor ind supervisory costs 1,400 








information handling and computing | 3, 200 





techniques Other operating costs 


Maintaining source acti \ 25 000 





ntense heat transfer applications ; 4 
tefrigeration 2,000 







research using high pressures O00 


cM) 






and similar high performance fn, 


f radiation chamber " ‘ hers co 2? GOO 






SOO 






engineering \I exchan 


3.400 





NUCLEAR DEVELOPMENT ASSOCIATES, INC. 
80 Grand Street, White Plains, New York at ta a a a ” demuintaiiies 
WHite Plains 8-5800 — . 39.940 





Taxes, interest, insurance 

Please send me P erty taxes (2 cost of radiation chambe 1,160 

“Collected Papers on Atomic inoonie 4 
Power for Civilian Use."’ 









ae (Dlg « of total investment 14.150 








Interest (5! f total investment 28,300 






ital investment 5.6600 






Name 10.270 













Depreciation, obsolesence 
Organization Radiation facility 58.000 & 0.08 $630 









Radiation source nitial cost salvage value 


Address 83 000 74, 5OO x O.0S 19,260 












233 SOO 












TOTAL 149.700 
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ntainer approximately 2 {t « 7 ft 
S ft would cost about 825.000. would 


veigh about 50 tons and could be 


Although insufficient information. is 


ivallable to estimate the source cost 

reliably, three approaches indicate that 

$483,000 is a reasonable figure. 
Kilocurie Cs gamma sources proc- 


essed from fission products can be sup- 


plied by the Atomic Energy Commis- 


r $5,000. Installation costs (not 
including the shipping container) would 
total about $1,000 for a plant in the 
Michigan area. Thus, $6,000 is a rea- 
sonable installed cost for 1 ke of Cs 
Using the 0.6-power factor (56) for 
scaling up to a 1.3-Me source, the 
installed cost is estimated to be 
$6,000 (1.5 & 10®&/105)° $483,000. 
Another approach to cost estimation 
a 


can be made on the basis of prices lor 


Cs teletherapy sources, which are 
now S100 for the first curie and $25 ¢ 
for additional activity. Using the 
same scaling-factor approach for tran- 


sition from small- to Jarge-scale oper- 


Ma ising a base price of S100/¢, 
the cost of 1.5 Me would be 8507.600. 
On the same conditions, with a $50/c 
base the total cost would be S$253.S00: 
ind for a S25 ¢ base the total would 
be only $126,900. A third approach 
estimates that modern large-scale tech- 
ques could separate Cs!’ in) mega- 
urile amounts for about SO30 ¢ (4). 
4 1.5-Me source would cost $450,000, 
The range ot ilues from these varied 
ipproaches indicates that $483,000 is a 
estimate 


Operating Costs 


Annual operating costs are shown 


the tabl In estimating operating 
sts other than wages and salaries 
in allowance is made for charging a 


rtion of the cost of refrigerating and 
eving the pork. 
Souree strength drops 10% every 
5 ! The cost of restoring this is 
ulated to be $125.000 everv 5 v1 
Straight-line amortization would make 
20% chargeable each vear Overhead 
n the pa roll, general plant operation 
ind general administration is estimated 
rding to recommended methods for 
chemical plants 
ition chamber is considered 


taxable as property, but the radiation 


source is a piece of equipment and not 
subject to property tax Income tax 
should be ealeulated on the basis of 
protits ¢ estimated as a percentage of 
innual sales; however, the plant is not 


designed on a profit basis Therefore, 
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MODEL S-6-A 


DC CALIBRATION \ai— ae | 
MARKERS 1-1000 us pot fn | 
0-5 mc ate /; 


ee 


Size: 
81" x 6%" x 13%" 
22 Pounds 


=) 


¥ 
ANOTHER EXAMPLE OF Lcézeeman PIONEERING... 


The S-6-A BROAD BAND Scope is a PULSESCOPE in performance, 
POCKETSCOPE in size, and it compares more than favorably with oscillo- 
scopes that are transportable, instead of portable. The instrument measures 
DC as well as AC signals. Unique DC calibration methods permit rapid 
measurements of either positive or negative AC or DC signals. The scope 
uses a 3XP1 tube with 1500 volts on the second anode, thus providing a 
brilliant trace for high speed transients even at low repetition rates. Vertical 
amplifier sensitivity of 0.2v rms/inch, and response to 5 me within 3DB... 
pulse rise time of 0.1 us . . . internal intensity markers from 1 to 1000 ys... 
repetitive or trigger sweep from 5 cycles to 500 KC with 5X sweep expan- 
sion... sweep, marker and DC calibrating voltage available externally. Size 
8l4 « 634 x 1334 in. Weight 22 lbs.Operates from 50 to 400 cycles at 115 
volts AC. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 

CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 
$-4-C SAR PULSESCOPE® 

$-5-A LAB PULSESCOPE 

$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
$-12-B JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
S-14-B WIDE BAND POCKETSCOPE 
S-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 
and Other Associated Equipment 






A 
WATERMAN PRODUCTS 
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SUPER HIGH PURITY (222 See area 


70 


by the trouble-free 


magic of ion exchange 





A aby 
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Penfield Mono-Col- 
umn Demineralizer 
Model MA-1000. Pu- 
rity of effluent: un- 
der 1 ppm. Flow 
rate: 1000-1200 gph. 
Dimensions: 2’ x 5’ 
x 52’. Features 
automatic shut-off 
and signaling de- 
vices and fully auto- 
matic regeneration 
system. 


‘age ie 
I " 


Penfield Mono-Col- 
umn  Demineralizer 
Model M-100, Purity 
of effluent: less than 
2 ppm. Flow rate 
60-90 gph. Dimen- 
sions: 14%" x 2’ x 7’. 
Features inspection 
window that allows 
easy inspection of 
crucial middle dis- 


tribution system 





Penfield Dual-Col- 
umn Demineralizer 
Mode! UL-60. Purity 
of effluent: 5 to 10 
ppm. Flow rate: 75- 
100 gph. Dimen- 
sions: 2’ x 2' x 4/2’ 
Features self-con- 
tained stainless 
steel contro! cabinet 
in which regenerant 
tanks are stored. 


READY TO OPERATE ON ARRIVAL! 


Available in a wide variety of 


mono-and 


multi-column 


models 


(flow rates from 10 to 10,000 gph), 


all Penfield Demineralizers 


come 


equipped with regenerant tanks and 


all necessary gauges, 


flow meter, 


conductivity meter, etc. On arrival 
at site, simply connect the com- 
pletely “packaged” unit to service 
lines and start receiving super high 
purity Penfield demineralized water. 


Any model Penfield Deminer- 
may be 


alizer 


secured with 


automatic shut-off and signal- 


ing devices and a fully 


matic regeneration system. 
Special control systems for the 


automatic maintenance of the 
purity of storage 


tank water 


supplies also available 


Write for fully descriptive catalog. 


PENFIELD M'FG. CO., INC. 
19 High School Ave., Meriden, Conn. 


Filters - Softeners « Degasifiers - Demineralizers 


PENFIELD “PLANNED PURITY” PAYS! 


Want more information? Usep 


auto- 


total investment is used 


cl irgeabie to the irradiation lacilities, 
In est iting depreciation and obso- 

el the radiation chamber and 
radiation source are considered to have 
10 useful life The total invest- 
ent is amortized in a 10-yr period by 
Ise nking fund. The interest on 
t] h paid into the sinking fund re- 


ee the percentage of the initial in- 
estment cl irgeable each year from 
10% to about S& This depreciation 
vould ovide fo complete replace- 
ment of the chamber after 10 vr. The 

urce is assumed to have only 50° sal- 

ut ilue at the end of the 10-vr amor- 
tization period even though, through 
etivit eplacement, it will be at full 
trenvtti 

Based on production figures for 1950 


68,504,000 head of hoes vielded 0.265- 


1) ol Db of pork Thus the average 

oF ( > ID OF pork, excluding 

ny the design on a rate ol 

2 OOO ous «ln ind ooperntion 260 

f nt production is 70,200 

O00 Thus the operating cost to 

ay ded to the price of pork ts 2.1 
SO.29 | 


nvestment required 





the radiation source might discourage 


{ ] 
adoption of special processes emplov- 


Ing radiation Rapid strides made by 
industry in developing new techniques 
necessitates amortization of new proc- 
eSSES OVE! short) period However, 
heeause long-lived radiation sources 


maintain their value independent of 


the process in which they are employed, 


they should be rented either by AEC 
or by a contractor rather than sold. 
This would permit amortization real- 


istic with the actual useful life of the 


Rental of a source such as 


source 


used in this design might be as low as 


$25.650/ vr 7) This could make 
processing by radiation much more 
attractive to industry. 
* * 
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Nuclear Constants ite tirwcale nuet 


fissionable 
rpowel 


n be built up and sustained 








econo 
. R D Pe only | in appreciable traction are ol 
In KReacfor VESIQN tie breeder type. This will be par- 
ticu ( 1 the beg ng of 
By HANS A. BETHE nucles er development and in the 
( l f fi race ¢ t ng t i inds 
\ ) Progre = made it possible to pay 
l ( itte ito such engines ny tea- 
t ffer in neutron spectrun tures ease of heat extract ue of 
r nom initial cost. cost « ate t ad. enuse ¢ ( t rug- 
ul Ve] ind degree to wl vec ie 1 1 Ho ( ( inda- 
Cross Sections in Barns” 
I 
/ H ( \ / ly 1 Pl 
\ ghit l 12 23 ( 10S 1o7 207 
Fast 1 Me 
s y 15 () ih 6 
| t 0 0 0.3 | 1 .& 2 0.5 
Captu ) 10 10 0.0014 0 O05 0.17 0 14 0 O02 
Thermal 1 40 ¢ 
scn g 20 ) ) 11 ob 11 
( O38 0.005 it 2 4 SO 1] 0.2 
LO”? nucleus 
th September, 1954 - NUCLEONICS 














mental nuclear properties summarized 
in the ble must not be neglected. 
Fission cross sections for fast neu- 
trons are of the order of one barn, for 
slow neutrons in U about 500 barns. 
In a fast reactor, a large fraction of the 
neutrons suffer inelastic scattering even 
the amount of nonfissionable mate- 
rial is kept to a minimum. Thus, the 
neutrons are degraded tou lew hundred 
Further degradation takes place 


. ' 
if light materials are not 


reeder reactors, a high neu- ’ I 7 
ne Thus { he ) *For Minicture Instollations & 


ey is desired. 
4 structural material and cool- Dalohm deposited carbon re-_ resistance to abrasion. 
1 to a minimum. Conse- : sistors are manufactured un- 
der rigid controls to deliver From 1 Ohm to 200 Megohms, 
matchless performance and depending on type. 
: economy in any high-low re- 
re amounts of materials of sistance range. 
weight (such as water, 


fast reactors are small in size. 
her hand, to obtain a thermal 
Temperature coefficient 200 
PPM per degree C for lower re- 
Dalohm resistors are sealed sistance ranges up to 500 PPM 
against moisture with special per degree C for higher ranges. 
tors are generally larger than silicone coating having high 
rs, but they become really [a di-electric strength, excellent 1% accuracy. 2°, 5%, and 
when natural or slightly- thermal conductivity, and high 10° tolerances also available. 


ranium is used as fuel. 
Write, Wire or Call 
ipture must be avoided as ; . 1314 Pome Phone 2139 
ible. The effect of a given d ; 


bervilium) are employed. 


n this respect is given by 
atoms of A times capture 
on of A number of atoms of 


es fission eross section = of 


f the number of atoms is 
vorable for thermal-neu- 


because these are larger 
ee ae ae send for the 
therefore contain more 


oms per unit of U*, The most widely used 
OSS SE ctions Is about the same f (2] Electronic Supply Guide 
ind for fast neutrons tor - coemmmenmiees: 
f the elements listed in the table. 
f the atomic ratio, the neu- 
= usually more serious in ALLIED’S 
etors than in fast ones. 
ements generally absorb 


diy than Heit ences endl COMPLETE 308-PAGE 
be carefully avoided. 1955 oe We Veelc 


ons are lead, bismuth 


extent zirconium and 


your guide to the world’s largest stocks of 


ELECTRONIC SUPPLIES FOR INDUSTRY 


ble as coolants, at least We specialize in Simplify and speed the purchasing of al/ your electronic sup- 


which have small absorp- 


~ would make lead and _ bis- 


eutron point of view. An- Electronic plies and equipment. Send your orders to us at ALLIED— the 


Equipment reliable one-supply-source for a// your electronic needs. De- 
for Research, pend on us for fast shipment from the world’s largest stocks 
i thermal capture cross sec- Development, of electron tubes (all types), test instruments, audio equip- 
ment, electronic parts (transformers, capacitors, controls, 
etc.) and accessories— everything for industrial and commu- 
nications application. Let our expert Industrial supply serv- 
ice save you time, effort and money. Send today for your 
FREE copy of the 1955 ALLIED Catalog—the complete up-to- 
: : date guide to the world’s largest stocks of quality Electronic 
he neutron economy — 1s Supplies for Industrial and Broadcast use. 

roved by slowing the neu- One complete 


to thermal energy. dependable source ALLIED RADIO SEND FOR 
naller sensitivity of fast reac- for everything 100 N. Western Ave., Dept. 57-J-4 FREE 
ipture makes possible a wider sesame Chicago 80, Illinois CATALOG 


hoi f materials for these reactors. : 
. og —ae | — 
Chis partially offsets the great diffi- Lo 


pect hill 


mportant exception is [ 


than 3 while the capture Maintenance 
for faster neutrons is sim- and Production 
Operations 





of gold and other heavy 
Thus, when using natural 
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for every 
practical 


application of 


RADIOACTIVE 
SOURCES 


' 





Beta Gauge.................. Ra, RaD, Sr”, Tl” 
Liquid Level Gauge........ ie, ae. Cor 
| Alpha, Beta, Gamma 


NEUTRON SOURCES 


"il 
~~ Min. Emission 
SS = Ra .. 13 x 10° n/me/sec 
RaD ......... .26 x 10° n/me/se 
Po .. 26 x 10° n/mc/sex 


LIGHT SOURCES 


| &y 
Qo 


Emission—Blue, Green, Yellow, Orange. 
Exciting Isotope — Sr®, TI, Pr“, C™ 


Vax. Brightness— Depends upon color 
and exciting isotope. Essentially radia- 
tion free, Brightness change comparable 
to decay rate of Isotope. 

°. 
INQUIRIES INVITED—our vast experi- 


ence and knowledge at your service 


United States Radium Corporation 
535 Pearl Street, New York 7, N. Y. 
attention Dept. N-0 
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ult of extracting the heat from a 


“7 r¢ t 

Reacts ising an enriched fuel use 
only a iction of the fission neutrons 
to generate new fissions. The critical 
size can be substantially reduced bv a 
vy eflect With few exceptions, 


the scuttering cros 


do not differ greatly, so that 
onsideration for 


flector is the 


s sections Of Varlous 


a good re- 


number of atoms per unit 











desir- 


In a fast reactor, it is usuall 
able that the reflector not degrade neu- 


trons too much; elements of atomic 


weights from 20 to 40 are usually most 


suitable because they have little in- 


elastic scattering and not too much 


energy is lost in @lastic scattering. On 


the other hand, for thermal reactors, a 


reflector made of light 


able, and hea v\ 


is desir- 
100 Ol 


itoms 
atoms (weight 
more) must be carefully avoided be- 


enuse of their absorbing properties. 





NUCLEAR POWER 


@ East Germans plan to build two re- 
etors that will consume 26.400 lb of 
built 


the installation will be a 


ural In per vear. To he 
Aue sion 


supratl ational Red-bloe project. 


neu! 


@ Ceramic coatings with low thermal 
neutronal orption cross sections 0.15 


been developed by 


0.50 barns) have 


thi National 


When used as I-mil coatings for vari- 


Bureau of Standards. 


US structural allovs the, reduce 


metathie corrosion at temperatures up 


SOO? | 


None of the coatings so far tested 


greatly reduces depth of uniform oxida- 


tion of the metal, but they markedly 
depth 


stringe! 


decrease numbet and cross-sec- 


tional area of penetration 


random corrosion along grain bounda- 


ries, usually four totwenty times deeper 


than surface oxidation 


Five coatings gave appreciable 


| pro- 
tection to type 321 stainless, ten pro- 


tected 309 stainless, fourteen per- 


formed well with 310° stainless All 
worked well on Inconel and other alloys 
low CO ficients ol eX 


with pansion. 


The coatings are boron-free and com- 
bine a high barium frit with a cerie o1 


ric-ehy > ref t 
ceric-chromic oxide refracto 
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Evaporator 





HEAT FROM BRITAIN'S first 
Calder 


Hall will generate steam in 


power reactors at 
eight 80-ft-high steel towers 
similar to the one shown (NU, 
Feb. '54, p. 74). 
will be located outside each 


Four towers 


of the two reactor buildings. 
Pressurized CO. coolant from 
reactors will circulate outside 
the preheater, evaporator, 
and superheater coils to con- 
tubes to 


vert water inside 


superheated steam. Heating 
surfaces are of flash-welded 
stud-tube 


double-pressure steam cycle 


construction. A 
will be used. Each tower will 
have a separate high- and low- 
pressure section, each section 
with its own drum, feed pump, 
economizer, evaporator, and 
superheater sections. Firms 
working on the Calder Hall 
Bab- 


cock & Wilcox (entirely sepa- 


power station include: 
rate from its U. S. namesake), 
towers; Whessoe Ltd., reac- 
tors’ pressure vessels; C. A. 
Parsons & Co., Ltd., blowers 
and pipework; Taylor Wood- 





row, buildings 
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Temperature Rise °C 


Voltmeter Multipliers « Boron & 
Deposited Carbon Precistors « 
insulated Composition Resistors ¢« 
Power Resistors « Volume Controls 
« Low Wattage Wire Wounds « 


Precision Wire Wounds « Ultra HF 
and Hi-Voltage Resistors » Selen- 
ium Rectifiers « insulated Chokes 
« Hermetic Sealing Terminals « 


Vol. 12 


Le)", "/ 


3 new wire wound resistors 


IRC’s new power wire wounds are lower cost 
per watt than any other power type. 
At 4, 7 and 10 watts, they offer savings of 
several cents each in any application 
requiring compact, low cost, efficient power 
resistors. Types PW-4, PW-7 and PW-10 
resistors assure safe operation in circuits 
where stability and low wattage 
dissipation are needed. 
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4 WATT 


Type PW-4 allows safe operation 
with hot-spot temperatures up to 
165°C. Fully insulated housing will 
not burn or support combustion. 





7 WATT 


Types PW-7 and PW-10 allow 
safe operation with hot-spot tem- 
peratures up to 275°C. 








nsert in this 


UNUSUAL DESIGN AND ASSEMBLY 
TECHNIQUE PROVIDES LOWER 
COST PER WATT. 


SEND COUPON FOR DATA BULLETINS 


INTERNATIONAL RESISTANCE CO. 
419A N. Broad Street, Philadelphia 8, Pa. 
In Canada: International Resistance Co, Ud 
Toronto, Licensee 
Please send [ | Bulletin P-1 on PW-4 Resistors 
[_] Bulletin P-2 on PW-7 and PW-10 
Resistors. 


Nome. 





Title 





Cc a 
Address. 








City State 
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BOOKS 


Nuclear Physics 


By W. HEISENBERG (Philosophical Library, New 
York, 1953, ix + 225 pages, $4.75). ly ‘ 


b Perer G. BeromMann, 3 | 
versity, Syracuse, New York 

This slim volume represent 
translation of the German 
Whose last revised edition 
peared in 1948S and which wa ( 


on a series of lectures that Heisenberg 
delivered at the request of the Ge 
electrical 


not to fellow nucle 


society ol engineers It 
addressed 


cists nor even to fellow phy 


to “readers who, while interest 
natural seiences have no 

training in theoretical phy t 
are familiar to a certain extent 
physical ideas.” This English « 

also contains an appendix on Gert 
ittempts to develop nucle 

during the Second World W 

had appeared previously in .\ 

1947. 

The book begins with a hist 
introduction that sketches the fat 
the notion of atomic constitut 
matter from classical antiquit Ip to 
the end of the nineteenth centu It 


goes on to a more detailed ex: 


of the Rutherford atomie model, the 
structure of molecules, and the pe 


table of elements Penetrating 
deeply into the atomic nucleu 
Heisenberg devotes the third chapter 
to natural and artificial radio 


ind the building bloeks of m 


following three chapters ire cle 


1 detailed discussion of the bir Wing 


energy of nuclei, the nature of nu 


horces and the contribut 


proper 


Coulomb forces to the structure 


tabilitv of nuclei, and the nu 


ietions, including fission. Chapte 


is devoted to nuclear instrument 
and the eighth 


and last chapte to 


applications, £2... the eor stru 


nuclear reaetors, the use { 
Isotopes as tracers in cher 
ology, biochemistry, and mee 
the uses of stable Isotopes 
pendix, on German nuclear engineer 
ing, has already been 
There are the usual tables 
bibliography, and An mex 

The book is” well y 
written inoa fluid stvle, tl y 
reviewer found the original Gert 
Heisenberg considerably more eleg 


than the I:nglish of the 
translator. As 


74 


ported 


He isenhbe rg | Imseil 
nt in nuclea 


he war has continued at such a 


ce that a book that was last 
f ed \ ears ago Is already quite 
ut of date There could not have 
heel ! treatment of the nuclear shell 
there is no discussion of recent 
( ents on the existence of the 
t Phe onl mesons discusse 
nd pior 
} k will be of interest pi 
the interested layman who 
t study a general introduction 
to the subject of nuclear physics by a 
te f recognized authoritv, which 
t hie Important tacts Known 
the end of the Second World War 
s bevond It is to be 
{ urther revision will b v 
to date \ person wl 
th nucteontes professional 
nd that the presentation does not 
v el ih to help him with his 
eve ) f s But even the ey 
ert ! t a phivsicist m fina 
1 ( Ive f the fie ~¢ 
neg } 1 to see the I 
( t t ind experime nts 
! their proper context 


BOOKS RECEIVED 


Isotopic Tracers, by G. EK. Francis 
W. Mu n, and A, Wormall, John 
le ¢ ff, Ih New York, 1954 


s(t) ( S700 To he 


Millimicrosecond Pulse Techniques, |) 
| I 1) Lew! ind Frank I We s 


Physical Properties of Solid Mate- 


rials, C,. Zwikker, Interscience Pub- 
tit Ne W York 1954 
MH Dawe ss res To he reve ed 


Manval for Plastic Welding, Vol. 2, 
Haim and J \ 
Book Co 


12S pages, SO.00 


Polyethylene, by G 
Naumann, The Industrial 


Cleveland. 1954. xn 


r} nua cusses gus-welding 
technique for polvethvlene Written 
t elding guide, it covers 

it, pup nes, and g 


The Man in the Thick Lead Suit, bh: 
Daniel Lang Press 
New Y 207 pages, $3.50. 


Wit I ntroduction by eric Ssevareid 


Oxford Universit, 


LO54. x1 





r physics since the 


collection of articles 
uublished in “The New 
Among them are 
Wernher von 
Will 


an utom bomb deto- 


this DoOOK 
OPIZInaily 
Yorker 


interviews wit! 


iVuZihe 
Braun, 
Samuel A. Goudsmit, and im G. 
Pollard; reports of 
nation, civil defense planning, and ura- 
nium prospecting; and des¢ 
Oak Ridge, the 


and the fl 


riptions of 
Savannah River 


plant, 


ing-saucer phenomenon. 


Guide for Safety in the Chemical 
Laboratory, Manufacturing Chemists’ 
Association, Ine D. Van Nostrand 


C% [ric ( York, 1954 

254 page $4.25 sulet ) eqdures 
described this book include a chap- 
ter on R tion Safety and Contami- 
nation Contro nthe Lahorator Other 
topics are handling chemicals otec- 


tive equipment ind devices 


specihne first) aid 


and pucnhaging 


ALSO OF NOTE 


Nuclear Reactor Development. This 
report is the proceedings of a forum 
held unde Uli “auspices ol Atom 
Indust: Forum, Ine., in Washington 
ID. ¢ \Ia 24 1954 Papers and 
«list ( nthe AEC 5 enctor 
eve ent gram (Cs Dean 
cl I L. R. Hafstad, ¢ neey 


V5 OM) 


Rotational States of Atomic Nuclei. 
Ange Be urvevs nuel tation 
tute the expe ent lence 
mee o t typ I ( eXCI- 
tatlo I} jor sect i e: Intro- 


Defor matior The 
Votion, The 


tational Energy Spectru 


Y 
kp Wu jaard, ¢ Vi ] (¢ 
rT, re ID } Vv] ) 
Vacuum-tube characteristic curves. 
Pads « 2() identical sheets, S 
I} ou shi plate characteristics 
posit p haracteristics q 
ind een cha teristics for 
pentocde teverse side gives electri- 
Cal al ec! tuts Lt ratings. 
Tube types iVahlable ure 12AU7 


OSN7Z 
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6L6 


I2AX7 








pentode, 6L6 triode, 6AQ5 triode 
5965, 56S7, 5751, and 5718. Techni- 

P (OLishing House, 15-B hve rett Sf... 
Cambridge 38. Mass. (1-99 pads, $0.89; 


100-199, SO.>9: 500 or more, SO.69), 


The Contribution of Atomic Energy to 
Medicine. This report presents the 
hearings before the Subcommittee on 


he 
Research and Development of the 
Joint Congressional Committee on 
Atom Energy, June 2-4, 1954. 
Phases of the field discussed were: 
history of atomic energy program in 
medical research; teletherapy and can- 
cer treatment; biosvnthesis of labeled 
lvs: trace techniques; caleium-45 
arthritis and cancer research: carbon-| } 
studies of circulatory disorders; carbon- 
14 steroid research; and use of radio- 
sotopes and s\ nthetically lubeled com- 
pounds Joint Congre ssitonal Commat- 
tee on Atomic Energy, Washington, D.C. 


Corrosion: A Bibliography of Un- 
classified Report Literature (TID- 
3048). This annotated bibliography 


ns ft references citing corrosion 


t 
data found in unclassified reports held 
by the Technical Information Service 
is of January 1, 1954. Author, sub- 
ject, and report number indexes are 
included. Office of Technical Services, 
Department of C'ommerce, Washington 


75, D. ¢ 80.55. 


Hydraulic Research in the United 
States, 1954. This 195-page NBS 
publication (publication 210), edited 
by H. Kk. Middleton, reports private, 


ersit and government-supported 
projects by title and number, including 
sponst orrespondent, brief deserip- 
tion, present status, results and publi- 
eations Government Printing Oflice, 


Washington 25, D. C.. $1.25. 


Statistical Theory of Extreme Values 
and Some Practical Applications. 


This monograph of the NBS Applied 
\Iuthematies Series is based on fou 
lectures given at the Bureau of Stand- 


kK. J. Gumbel. Leeture sub- 


ets e: exceedances, return periods, 

ibility. Superinte ndent of 

Documents, U.S. Government Printing 
Office, Washington 25 D. C., 30.40. 


Optical Image Evaluation (NBS Cir- 


526 This 289-page publication 
reports proceedings of the Oct. ’51 Na- 
tional Bureau of Standards symposium. | 
The papers and discussion reexamine | 
the Ider methods of image evaluation 


is well as newer procedures to place 

e evaluation on a sounder en- 

neering basis. Government Printing 
66, DD. C., $2.28. 
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The Berkeley Tic 
,mMaAt 
pec Scaler, Mode! 2020 





Check These Important Features 
of Today’s Most Versatile Scaler! 


T. input AMPLIFIERS of separate subchassis construction provide input sensitivities 
of (1) 0.2 volt, or (2) 1 millivolt. 


2. AMPLIFIERS are long-tailed pair non-overloading type. 
Be CALIBRATED 10-TURN DISCRIMINATOR CONTROL from + 5 to + 50 volts. 
4, input sevector for 60-cycle test, G-M or amplifier with nine-step attenuator. 


5. STABLE 60-CYCLE 500 to 3,000 HV SUPPLY with coarse and fine controls, HV 
meter with antiparallax mirror. (5,000 v. on special order). 


6. ELECTRICAL RESET OF REGISTER, TIMER AND CIRCUITS with single-lever switch; 
provisions for remote start, stop and reset. 


7. PRESET TIME: 0.1, 1, 10, and 100 minutes X1, X2 and X4. 
8. PRESET COUNT: 100, 1,000, 10,000, 100,000 or 1,000,000 counts X1, X2 and X4, 
9. DIRECT-READING DECIMAL COUNT. 


10. MODULAR CONSTRUCTION FOR COMPLETE FLEXIBILITY... amplifiers and regis- 
ter-timer assemblies are of separate subchassis construction; may be ordered 
in several combinations to meet special requirements. 


Write today for literature and complete technical data; 
please address Dept. t-9 


M-36 





Berkeley mg 


BECKMAN INSTRUMENTS INC. 


2200 WRIGHT AVE., RICHMOND, CALIF, 
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vastly 
superior 


STABILITY and SIMPLICITY 


EKCO Type 1079c 
VIBRATING REED ELECTROMETER 


st 





Although designed for Ionization Current measurements, 
this instrument solves many problems involving the 
measurement of very minute direct currents and voltages, 
including those associated with pH measurements. It 
replaces all forms of valve electrometers, having 
outstandingly good zero stability. In place of the usual 
D.C. amplifier, the applied D.C. is converted into A.C, 
by means of a vibrating condenser, then passed to a 
high-stability negative feedback amplifier whose output is 
rectified and measured. Direct indication of the applied 
voltage is given on a built-in meter; provision is also made 
for operating an external recorder. The complete instrument 
comprises two units, the Electrometer Head and the 
Indicator Unit, interconnected by cables which can be 
up to 200 ft. in length. This instrument was designed in 
association with the British Atomic Energy Research 
Establishment. 

SPECIFICATION 
4 Ranges Input 
0-30, O-I00, 0-300, O-1000 3 switched resistors, 100 meg- 


millivolts. ohms, 10,000 megohms, 1 
million megohms. 

Output 

Unit will operate a 1 mA or 
100omV recorder. 


Sensitivity 
At maximum sensitivity 1 
Strument ¢ ‘ I , D for 102 


ucro-micr mn 

‘ External supplies 

Accuracy 6.3V 0.3A and 200v 5mA 

Of the order of 5 avaiable for operating external 
equipment. Compartment pro- 

Stability vided for goV battery for 

Day to day, 1 millivolt. polarizing ion chambers. 


Please write for the complete catalogue of Ekco electronic 


and nucleonic equipment 


EKCO electronics 


‘E) EKCO ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX - ENGLAND 


U.S. Sales & Service 
AMERICAN TRADAIR CORP., HRYSLER BUILDING, 405 LEXINGTON AVE., NEW YORK 17, N.Y 


Canadian Sales & Service 
CANADIAN AVIATION ELECTRONICS LTD., 6214 COTE DE LIESSE ROAD, MONTREAL QUEBEC 
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LET TERS — 


Radiations’ Relative Merits 
DEAR SIR 


I should like to offer some comments 


on “Relative Merits of Cathode Rays 


and Gamma Radiations,’”” by Gold- 
blith and Proctor (NU, Feb. °54, p. 32) 
This article presents, I feel, a some- 


what distorted comparison of the 
“relative merits’ of these two types of 
ionizing radiation, and it is only fair 
that erroneous Impressions which may 
be created be corrected 

It may well be that space limitations 
made the elimination of all supporting 
calculations necessary. Nevertheless, 
in this tvpe of presentation it is essen- 
tial that the basis for comparisons be 
completely consistent Therefore, the 
assumptions made and the precise 
methods of computation employed 
must be clearly stated, for these are the 
meat of the values offered 

Specifically, I find it necessary to 


take Issue 


/ With ithode One ght ex- 
pect an ethevency of ult ization of energ 
coming out of the tube of t order of 
” wgnitud ol ; 

This statement omits the cardinal 
point that issuming LOO ethicient 
absorption of radiation, 75 over-all 
efhicienes s the LLP LL itta nable 


because of the nature of the « ithode- 
ray depth dose curves Phe ictual 
efliciency must, In any case ”° LESS 


than 75°, and could, under any specific 


operating conditions, well be a very 
small fraction of this value 
2 ©“ Witrao Corp. has calculated that 


eflicvencies of utilization of gamma radia- 


fior are cl ower: about Tac for 
solid-cylinder absorbers and 5 for 
hotiow cutlinde oOurce 


| SCTIOUSIN question whethel! this 


efficiency is not about the same us elec- 
tron-beam efhicienes The Vaiue pre- 
sented is largely i matter of the 


assumed geometry and other ur speci- 
fied factors Duftfey,* for example, has 
clearly pointed out that these utiliza- 
tion efliclencies are not necessarily for 


optimum design, but rather are simply 


examples relative utilization for dif- 
ferent assumed geometries 
Calculations made by vu nidicate 
ethciency 0 as . fo fission 
prod fs 
Dm. D Nuc s 11, N 10,8 
1953 
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isis for this calculation Is given; 


tuthors could) presumably have 





issumed conditions leading 


just as we 
to a 0.004 or a 40°; efficiency. 

None ougl pre lymanary caleu- 
lation have been made of the variations 
in dis ition of vonizing de nsily 
The esull of these calculations are 

Again, no diseussion of how these 
figures ere obtained is” presented. 


Figure 4 bears a great similarity to the 
data of Henley? and Figure 5 to that 
v, Manowitz et al.t If these 
the original data 


were the sources ot 


used. they should have been acknowl- 
edged not. it might be suggested 


that these references are where the data 


should have been taken from, since 


thev give experimental data for these 


specie geometries. 
krnest J. Henry 

Associate, Department of 

Chemical Engineering 

Columbia University 


Vew York, New York 


More About PM Sockets 
Li AR SIR 


| eading Mh 
letter to the 


Donald Morken’s 


editor regarding avail- 


ability of duodecal sockets (NU, July 
‘54. p. 82), T noted his reference to Du 
Mont’'s otomultipliers. The tubes 
referred to are Du Mont’s type 6291 
al n. diameter 10-stage multiplier, 
an t O467. a 1! y-in. tube also in 
corp ting 10 stages. 

At the time these tubes were placed 
on. the rket, it was realized that 
users | require base sockets exhib- 
itil r et | cheleetric properties. 
As a reference tor engineers requiring 
highly dielectric duodecal sockets, Tam 
furnishing part numbers and deserip- 
tol r two such sockets: 

Du Mont part 34003960 covers a 


low-loss phenolic duodecal socket equip- 


ped with s lver-plated phosphor-bronze 


contacts 
Du Mont part 34003620 covers a 
mica-filled duodecal socket equipped 
with silver-plated beryllium-coppet 
contacts 
Either socket will fit both of the 
aforementioned multipliers. 
R. H. Arp 
P Se sand Se Vanage 
1 B. Du Mont Laboratories, Tne 
Clifton, Ne Jersey 
E. J. Henley, Nucieonics 11, No. 10, 
i] 1) 
+ W. Tarpl Y. Yudis, B. Manowitz, 
R Hi pia J Weiss BNL COMMUNIC 
tio \ugust, 1952 
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HERE’S WHY: Youcan / 

order in quantity and in 

a wide variety of sizes 

and be certain of complete 

uniformity throughout. 

Our strict density control 

assures you thoroughly 

non-porous Teflon 

free from any flaws which 

might possibly affect 

your end use or product. 

Dimensions are accurate 

to your most critical 

tolerances—no rejects, 

waste of material or loss 

of time. You get product 

purity— Teflon at its 

best in every one of its 

remarkable characteristics. 

Delivery is prompt—you 

get the quantity you 

want when you want it. 
Since the availability of 

Teflon, “John Crane” 

engineers have worked 

with Industry to successfully 


solve innumerable problems and 


develop new applications. You can 


benefit from their experience 


and know-how. 


Request full information and ask for our bulletin, ‘‘The Best in 
Teflon.’’ Crane Packing Co., 1849 Cuyler Ave., Chicago 13, ill. 
In Canada. Crane Packing Co., Ltd., 

617 Parkdale Avenue, N., Hamilton, Ont. 


Want more information? 


* Con be furnished 
in Ya sheets 


Other diameters 
on specification 


Use post cord insert in this issue 


\ 






Nominal 
Size 
12x12 
13x18 
24x24 
36 x 36° 
48x 48° 
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Characteristics of Teflon 


CHEMICAL 
Completely inert. 
ELECTRICAL 
Very high dielectric strength. 
Extremely low power factor. 
THERMAL 
Temperature range 
~300° to +500 F. 
MECHANICAL 
Strong, flexible, weather 
resistant. 
LOW COEFFICIENT OF FRICTION 
Absolutely non-stick. 


* DuPont Trademark 








& 


CRANE PACKING COMPANY 
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President Signs Atomic Energy Law of 1954; 
Opens Power Field to Industry but Restricts Patents 


President Eisenhower signed the Atomic Energy Act of 1954 on August public bodies and cooperatives or to 


30 after Congress spent a total of 75 minutes approving the second com- — Privately owned utilities providing elec- 

; tric utility services to high cost areas 
promise ol House and Senate versions offered by conference committee : 

not being served by publie bodies or 
Public power advocates in the S« te had defeated a first attempt at cooperatives ” 
compromise that did not give preterence in licensing nuclear power plants Joint Committee lawvers argue that 
to public and cooperative power gro this would have no effect on arrange- 
the final version incorporates such pret ment with AKC are government prop- ments between Duquesne Light Co. 
erence. It also requires comp t inless AEC waives its claim or and AEC on the PWR project (NU, 
licensing of basic patents until Septet has it m invalidated by the Board April ’54, p. 7s First. thev sav 
her, 1959, thus reverting to the leg of Patent Interferences Duquesne is purchasing heat energy 
lation first proposed by the Joint ¢ Preference to publie bodies and co stent! rather than electric energy. 
gressional Committee on Atomic liners yperatives is granted in two sections of Second, the suy no public body or 
(NU, Aug. ’54, p. 57 t he lt suing licenses for a uti- cooperative would want the power be- 
W. Sterling Cole, chairman of the LATION production facility tor gener- cause its Cost is so high 
Joint Committee, announced that he ting mercial power, AKC must Other sections of the ney iw oulso 
would reopen the patent questior ! v1VE ich preferred consideration But included compromises worked out by 
the next session of Congress on. the pril preference, in cases of limited the conference committee These 
basis that compulsory licensing ut ensing opportunities, goes imo any Provide for a division or divisions 
constitutional. The new law provide event to facilities for high-cost power — within AEC concerned primarily with 
for “reasonable” royalty — fee fo reas “application of civilian uses.” 
owners of original patents on inven Ab ilso required to give prefer- Require AEC to notify possible dis- 
tions of “primary importance,” but ence in selling power produced by its — tributors electricity within trans- 
AEC and any qualified person can ob- — production or experimental facilities mission distance of an area in which a 
tain a license. The key words are, “In contracting for proposed plant will be located before 
Patents on inventions or discoveries — the disposal of such [electrical] energy granting a license, 

made under contract or other arrange- = the Commission shall give priority to Make licensees transmitting or mar- 








Human Feeding Studies of Irradiated Food to Start; 
Army Tests Will Hasten Commercial Application 


Tests that promise a rapid advance but vegetables and liquids will be in- — ble from the test. But as the program 
towards commercial appli ation of ra eluded after further preliminary work. develops the etflects of storage on tox- 
diation processing of foods start n Jan | i e irradiated in sealed contain- icity and nutritional degradation will 
uary at Fitzsimons Army Hospital is ( it the Atomie Energy Commis-_ have to be investigated 
Denver, Colo. The Army is putting © sior eactor testing station in Idaho The Fitzsimons nutrition laboratory 
twelve volunteers on a diet of irra: packed with dry ice fon shipment to has carried out animal feeding pro- 
ated food for over a year to stu Denver, and eaten within three days. grams since last March in preparation 
nutritional adequacy and to prove that Used fuel slugs from the Materials for the human feeding program. No 
this food will have no harmful effects Testing Reactor will provide 10°-10 ill effeets | e been detected in rats. 
on the human body. a na ee The human feeding test. supervised 

Success these tests , , ' ; 

cee of these test to 2!.-million rep, de- bv the Office of the Surgeon General, 
large part in Army adoptior , ; , 
: pending on the dosage required for is sponsored DY Quartermaster Food 
ation processing of at least it of é zs 
=te tion or pasteurization of the and Container Institute, Chicago, IIL. 


its food supplies, | qually import 
Food and Drug Administration re 


quirements for animal and hut 


ited Quartermaster Corps combined its ra- 


continue for more than a diation processing studies with AKC’s 


ing of irradiated foods prior t to obtain significant data No recently nd is planning to spend 
distribution may also be NI studies involving storage of the food — $6-million on a 5-year over-all program 
Jan. “54, p. 52). ( ntemplated in conjunction with NI \l 54, p. 78 AEC enters 

In the current test. only meat | the iman feeding program; immedi- into the esent experiments only in 
ucts in the diet are being tt ti nsumption eliminates this varia- providing f ties for irradiation 
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keting power in interstate commerce 
subject to Federal Power Act. 
Stipulate that agreements lor co- 
operation with other nations must 
specify duration, thus eliminating ter- 
ction by the President or 


Authorize AEC to contract for elee- 
services connected with 


t utilit 
Oak Ridge. Portsmouth, and Paducah 
operations, but contract must be sub- 


mitted to Joint Committee for 30 days 
before taking effect 
Prohibit direct payment by AEC of 


contractor s Income tunes. 


Plans Underway for 
First Nuclear Society 


Organizational details are now being 
completed for this country’s first inde- 
pendent nuclear energy society, tenta- 
tively called the Society ol Nuclear 
Scientists and Engineers. It will be a 
protess onal group that will be fully 
representative of all the scientific and 
engineering disciplines involved in the 
nuclear field. 

First major activity of the group is 
to be a three-dav conference in June, 
1955, on the campus of Pennsylvania 


State University. 


Two Meetings, Survey 
Planned by Atomic Forum 


Impact of the Atomic Energy Act 
of 1954 on industry and opportunities 
for New England industry in atomic 
energy will be considered at two Atomic 
Industrial Forum meetings this fall. A 
survey is already underway to pinpoint 
tuture requirements — Tor materials, 


equipment and§skills in the atomic 


energy industry. 

The New Law: What It Means to 
You” will be discussed Sept. 27 and 28 
in New York Both government and 
industry will be represented on panels 
discussing interpretation and imple- 


mentation of the new law, investment 
opportunities, the industrial future, the 
labor o 


government-industry cooperation. 


tlook, insurance problems, and 


\ joint meeting with the New Eng- 
land Council in Boston, Mass., on Oct. 
20 will consider “Atomic Opportuni- 
ties in New England.’ Discussions 
will cover nuclear power development 
and by-product utilization. Lewis L. 
Strauss, chairman of the Atomic En- 
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Sidelights 


Will construct aircraft nuclear engine test facility. 


AEC has asked for 
bids covering construction of an “exhaust system for the initial engine test 
area of the Aircraft; Nuclear Propulsion project.” Plans and specifications 
released last month call for a 150-ft reinforced concrete stack lined with fire 
brick, a reinforced concrete instrument vault, and about 200 ft of stainless 
steel 6-ft-diameter duct to be erected at the National Reactor Testing Station 
in Idaho. 
€ 


Called 


off last year by Great Britain, a joint project for production of heavy water 


New Zealand’s “geothermal” heavy-water project on again. 


and electric power from geothermal steam bores at Wairakei (NU. Jan. ‘54, 
New Zealand’s Prime Minister, Sidney Holland, 
announced in a budget speech that agreement has been reached with Britain's 


p. 74) has been reactivated 


Atomic Energy Authority; plant will be designed in Britain 
& 


“Official visitors’> get Oak Ridge helicopter service. \bout an hour's 
travel time will be cut by new helicopter service from Knoxville, Tenn., air- 
port to Oak Ridge. 


those traveling to Oak Ridge on official Atomic Energy Commission business. 


Shuttle service is available on a reservation basis for 


Materials Testing Reactor at Arco, 
Idaho, is now an open facility, as evidenced by tour conducted for press repre- 
sentatives on August 20. Other facilities at the National Reactor Testing 


Security wall down around MTR. 


Station, including EBR and the prototype STR, remain classified areas 
© 


Rolls Royce planning nuclear power. ‘Two nuclear power experts have 
left Britain’s Atomic Energy Research Center at Harwell to join Rolls Royce 
Famous in the automobile industry, Rolls also pioneered development of jet 
engines for aircraft. 


Liverpool synehrocyclotron working. Production of a 100-Mey proton 
beam has been achieved in the largest accelerator outside the United States, 
* 


Is Y-12 producing thermonuclear materials? The electromagnetic sep- 
arations plant at Oak Ridge is undergoing reconstruction, reportedly as an 
addition to thermo-nuclear production facilities. 

af 


A series of nonnuclear high- 
explosive tests will be carried out this fall at the Nevada Proving Grounds 


by AEC. 


To test atmospheric effects on sound waves. 


Ata recent 
Joint Congressional Committee on Atomic Energy hearing, Reps. Durham and 


Durham, Hinshaw want medical reactors across country. 


Hinshaw went on record as being in favor of a series of reactors located 
throughout the country for medical therapy and research. Said Hinshaw, 
“We are getting to the point now of [needing to establish] these medical 
reactors. 


What is actual cost of carbon-14?2 AEC. sells radiocarbon for $32 a 
millicurie, but biological researchers must count on losing 10-20, in econver- 
sion (to acetate, for example) or pay $200 a millicurie for commercially avail- 
able acetate. And body losses skyrocket amount needed for animal experi- 
ments ——one small project with 5 or LO animals can use up $3,000 of carbon-LA4. 
These facts were cited by Dr. N. TT. Werthessen, Southwest Foundation for 
Research and Education, San Antonio, Texas, in asking Joint Congressional 
Committee on Atomic Energy to look into carbon-14 price structure. The 


Foundation spent $1,800 for carbon-Lt last year, will spend $5,100 next, 


719 








ergy Commission, will be the 
speaker 

The three-part survey is being 
under a study agreement th Al 
Results will be published 
veal Questionnaires mailed to ( 


institutions, including 75 


manufacturers, will supply 

two survey sections, radiation 
ment manufacture and private 
research and development Dat 


reaetor de ( 


the third section 


vill be obtained by a revue 
files, coupled with interview t 
contractors in its 5-year re t 
gram and participants in Ale 


trial participation program 


Dow-Detroit Study Gets 
$2.5-Million for '54 


Of §$2.555.000 contributed 


porting companies for 
the Dow Chemical-Detroit bed 
Associates 


projer t hy 


| 
power-de ve 


atomer 


ul 


allocated S1.651T.000 


1954 Operation 


{ ind rew ol uns 


Orning 
rece ery and 


material, and 


decontaminatio 


pent 


Colorado, Coast Groups 
Want Nuclear Power 


n ol 


radioactive 


( vaste disposal Propos cooperative-govern- 
t step in the one-year company- ment nuclear power project in Colorado 
100 financed study jis a survey of industrial and a= similar industry-government 
f tud ind AE-C’s reactor devel- project: in Washington State are on 
ent program. One or more proc- their way to Washington, D. ¢ 
essing concepts will then be selected for The Colorado State Association of 
gine gy analysis, preliminary de- REA Cooperatives has asked the 
v nd cost estimates. state’s Congressional delegation for 





Allocation of 1954 Funds by Dow- 
Commitments as of May 15 


Private facilities: 


Mav 15. Largest allocation SN 

OOO for research contracted with tnd 
trial firms; included is $75,000 for Fo 
Motor Co., first indication that tl 


actively engaged in nucle 


firma os 
engimecring, 

A summary of the group's a 
is given in the table on this page 
balance of 
tributed for 1954 operations 


$904,000 still is to be 


National Planning Group 
Awarded $200,000 Study 


] 


Ford Foundation has awarded 
O00 to the National 
ation for a broad study of nont 

eeonot 
inal per 

study areas. PI 
ARC Washingt 
will direct the stud) 


\ 


Planni uv 


uses Of axtomue energy. 
industrial applications 
be the PULA 
Mullenbacl 


staff member 


lormier 


Vitro Corp. Starts 
Power Processing Study 


$200 


& | | (« 
| & 
\\ Co 
» 
| ey (‘hemical Co 
Ford Motor Co 
\I _ 
Ap] nees Co 
Nuele T velopment 
\ \ t Tre 
I’; ersitvy of Michigan 
Total private facilities 


Consultants: 
H. A, Bethe 
H. J. Gombet 


Pot Ale 


her i hye tom! re . ° ° 

Num mt \tomic | Project Detroit working group: 
Commission Industrial part pat (‘ost « i gned personne! 
program for development. of pet Ist ted general expense 


nuclear power, Vitro ¢ 


tive 
ol America’s proposal recent 


AKC is the first ce 


study chemical 


proved by 
and metalh 
s of 


essing problen nuclear 


tems Vitro Engineering 1D 


study preparation of fu 


fission products, 


80 


primary 


I | Detroit working group 
Total allocated project funds 
Total funds available 
Balance of project funds un- 


allocated, May 15, 1954 


Detroit Power-Study Project to Contracts and 


SILLL.OOO < tor ! ntrol 
re ruid- 
nponen 

110,000 Vik nical handling pment 
75.000 bun heat 
( ‘ t ind ural 
or } it ex- 

246,000 | ssing ernat 

75,000) Fuel-clement fabrication 
33,000 Core container corrosion, heat 


1 


Iie 


I 


146,000 


itor physics Calculations 
16.000 Fuel processing i S 
S12? 000 
17.000 *#PI 
total Phivsics 
Fuel material 
Health physi 
| processing ist-reactor 
5 liquid-n i ompo- 
nents, irradiation t g 
10,000 Fuel-element fabricat alter- 
( el iteria pl vsical 
wo mperties ol ‘ 
processing (p 
metallurg 
75.000 PFuel-element fabrica i 


115,000 


587,000 
120,000 
107 


1,651,000 
2,555,000 


904,000 





September, 1954 - NUCLEONICS 




















EA PRECISION ANALOG COMPUTERS --- 


rapidly and accurately solwe complex 


engineering problems! 


> Saving 6 Money Saving 





J 
ELECTRONIC 
ASSOCIATES 
Vacowouled 


{ COMPUTATION CENTER - 
Sidi.” : | r : 
a 7 m «Vet a ae 
ad tS te SS ste ° 


vate ae 


Electronic Associates Computation Center near Princeton, N. J. 


At the EA Computation Center you may solve Scientists, engineers, and mathematicians exper- 
( omplex problems in \pplications Engineering. ienced in the use of analog computers are avail- 
Simulation, and Kngineering Design by rent- able to assist in problem solution. 


ing EA Analog Computation Equipment by 
the hour, week, or month. 


PRECISION ANALOG COMPUTATION EQUIP- 
MENT IS ALSO AVAILABLE FOR PURCHASE. 


Throughout the design of this computing equip- 
ment the objective was to produce the most 
accurate, versatile and dependable equipment 
possible at a reasonable price. In achieving this 
end, many of the latest advances in the art have 
been incorporated which contribute to the super- 
iority of this equipment. 








If you state your interest, we will be glad to EA Precision Analog. 

send you applicable data. Write to Dept. NU. Computer, Type 16-31R 
PRECIS(tOWN ANALOG COMPUTING EQUIPMENT 
FOR SOLVING PROBLEMS 1 N DYNAMICS 


ELECTRONIC 


ELECTRONIC )}| ASSOCIATES 


mcry Awealad 


LONG BRANCH . NEW JERSEY 
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NEW TELETHERAPY UNIT, designed for 
10,000-curie cesium source, uses built-in 
computer for automatic control so that 
therapeutic procedures can be duplicated. 
Dr. Marshall Brucer, chairman of Oak 
Ridge Institute of Nuclear Studies’ medical 
division where machine will be located, in- 
spects 4!.-ton unit at W. F. and John 
Barnes Co., the builders. Ceiling suspension 
on circular track enables unit to provide 
wide variety of radiation beam patterns 


ald in obtaining Atomic Energy Com- 


mission financing of a proposed nuclear 


plant in that area. The Rural Ele« 
trification Administration had beer 
asked to finance a conventional powe1 
plant for the Colorado Ute Elect: 

Association, a group of four cooper 


The new proposal would sub 


the conventional 


ntives, 


stitute a renetor tor 


steam-generating apparatus, wit! 
underwriting the added costs 


The proposal Is based on the ( 


being a mayor source ol ursanil Dut 


fully served by 


The Uranium Ore 


hiss ASKeCcL Sel 


isolated and not 
commercial utility. 
Producers Association 


kK. C. Johnson (D-Colo.) to b 


proposed plant; 600 uranium-producing 
mines would be served by it 

In Washington State, the Puget 
Sound Utilities Council has decided to 
ask AEC if joint action in nuel 
power development is. feasible he 


Council's idea is to extend propose 
government partnership prograt 
hvdroelectric projects to nuclear powe 
Represented on the Coun re ome 
private and four publie power utilities 


in western Washington 


DIMPLE Operates: First 
British D:O Reactor 


DIMPLE (deuterium 


low energy) is now in operation t 
Britain’s Atomie Energy Res 
Harwell. \ 


of fuel elements can be subme 


tablishment, 


Its heavy-watet tank for desigt 


82 





Phe tank wrounded by a graphite 
derate 
First project is experimental work for 
I!-443, a more powerful heavv-water re- 
etor being built at Harwell to provide 
high neutron flux for research. 
Operation of DIMPLE is restricted 
to very low power so that its structure 


loes not become sufficiently radioactive 


to prevent the necessary handling of 


Navy Contracts for 
Two More Atom Subs 


The 1955 ship-building program for 
the I = Na 


two more nuclear-powered submarines. 


vy includes construction of 


shipyard, Kittery, 
will lav the keel of this 
Navy's Bureau of Ships is 
with Electric 
Dynamics Corp. for 
the other at the 
Conn., 
While no 


leased about 


Portsmouth naval 


\I Line 


one 


negotiating oat Division 


oO Cseneral 


con- 
struction of firm’s 
Croton vards, 


information has been re- 


power plants for these 
Knolls Atomic Labora- 
Argonne National Laboratory 
ure qesigning an 


SAR) to 


Powe 


advanced reactor 


outperform existing types 


Research Reactors 
Draw 38 Inquiries 


N t! American Aviation, one of 

nu ( ompanies designing and 
o Crea eh and medical reactors, 

dad 5S inquiries to its atomu 

energy esearch department. Univer 
search institutions, industrial 
potential foreign users who 
( ( terest in NAA research re- 


testimony 


Atgmie 


recent 
Joint Committee on 
ft cluded were 
Universities. U. of California Medi- 
School of Engineering, and 
Radiation Laboratory; U. of Colorado 
MIT: Miami U.; U. of 
Micl in; U. of Minnesota: Penns\ 
State College; Purdue U.; State 
College of Washington; I of Texas 
Te \ Mi; and U. of Utah 
Research institutions. Armour Re- 
Foundation; Battelle Met 
Telephone Laboratories ; 
National Laboratory: Co- 
\Iedical Center: Mavo Clini 
Hospital Bethesda, Med.; 
Offices f Naval Research, Chicago 
\rsena ind Wright Ai 
Development Cente 


Mallinckrodt Chemical 
Philips Co.; 


Industry. 
Works; North 
Standard Oil De 
aen N. J 


Corp. 


American 
velopment Co., Lin- 
and Westinghouse Electric 


Foreign. W. Caton, consulting en- 
ginee! Australia; French Embassy, 
Washington, D. C.: Chemisch-Tech- 
Institut, Der Rheinish-West- 
falischen Technischen Hochschule, 
Aachen, Get Depart mento In- 
vestigaciones Clentificas 


Ienergia Atomica, Argentina U. of 
\lexico School of Medicine; R. Ik. Sas, 


1lis¢ hes 


many; 


Compania 


Canada Far Kaust \Mercantile Co., 
Japan; Laboratory of Nuclear Chemis- 
try Chalmers U, ol Technology, 


itorlum 
Na- 
The 


and Research Labor 
Technisch 


Bureau Service 


sweden; 
Voor ae 
tuurkundig 
Netherlands. 


Industrie, 


Chemists Top AEC List 
of Technical Employees 


The Atomic nergy Commission and 
its operating contractors now employ 
6.474 


Largest Oct 


7.138 engineers. 


Sclentists and 


upational group of the 


13.612-man technical staff are chemists, 


totaling 2.411. The total staff con- 
Sists ol 
Biologi medical scientists 1.617 
(Chemists 2.411 
Physicist 70S 
Other pl cal scientists 735 
Chemical engineers 1.634 
Mlectrical engineers S46 
\lechanical engineers 1.845 
\letallurgical engineers 10S 
Other engineers 1.907 
I ng > Current ners 
would increase the staff t 14,145. 
Sut vit! eancies unhiiles ! CHS 
has been le than 1° in past ve 


European Atomic Society 
Limits Memberships 


Trving t concentrate on develop- 


ment of practical 
the European Atomic 


mdustrial 


ines ol 


| nerg Sociels NI July D4 pp. 2) IS 


limiting members! Ip to nat is that 
have ( established nuclear en- 
erg projects. Eight)  nations—Bel- 


The Netherlands 
id the 
United Kingdom—belong to this as- 


on ot atomic energ ci 
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NATIONAL RADIAC announces ... 


A Complete Scintillation Counter 


A versatile instrument for research, medical and industrial use. 
One Standard Counter Fits All Accessories. 


Accommodates any size, any type of National Radiac crystal detectors for measuring 
gamma, beta, alpha particles, neutrons and x-rays. 


SCINTILLATION HEAD 


Crystals, sealed in thin-walled con- 
tainers, may be inserted directly in 
radiation beam. Uses 6292 or 5819 
or 6342 photomultiplier tube and 
improved circuit. 100 ohm output 
impedance, permits up to 5O ft. of 
cable. Model SA-2 has self-con- 
tained, two-stage preamplifier with 
gain of ten. Easily provides 1 volt 
output pulses. Plateau slope is 3% 
per 100 v. Model SC-2 has cathode 
follower output. Plateau slope is 
2% per 100 v. 


COLLIMATOR ATTACHMENT WELL TYPE SHIELD SAMPLE CHANGER 








i a 

J 
Mode! LC-2 Collimator Attachment mounted Model LW-2 Shield Attachment holds scintil Model SM-2 Manual Sample Changer At 
on scintillation counter. Includes large, one- lation counter and two-inch diameter well- tochment holds scintillation counter and 
inch diameter by one-inch long sodium iodide type sodium iodide crystal. Provides full two crystal detectors. Provides two inches of lead 
crystal for high sensitivity. Highly directional inches of lead shielding in every direction, shielding. Holds standard planchets. 
lead shield in front and behind crystal in- including below counter. low background, 
sures low background. Convenient adjustable high sensitivity. Crystal or counter instantly 
camp and stand removable. 





A Complete Assortment of Crystal Radiation Detectors for Every Counting Need 
Hermetically sealed, thin-walled containers. Optical glass windows. Transmits ultra violet. In- 
terchangeable, permanent, light tight. 


Sodium iodide, 
sealed sodium well type crystal. 
iodide crystal. Has j inch di- 


ALPHA COUNTER Best for gamma Se emma ometer by 1] BETA COUNTER 


Hermetically 














Alpha particle counter. Light — inch deep well. Thin Stilbene single crystal, sen 
tight insensitive to other sitive principally to Beta rays. 
radiations SODIUM IODIDE CRYSTAL WELL TYPE CRYSTAL 
Also in sealed mountings, there are other Sin- Specify Sintilon® brand crystals manufactured bt 
g } l y . 


tilon brand detectors which are interchangeable 


with the ones illustrated. 
Department N-9 





© Lithium iodide crystal neutron counters. 
Boron loaded plastic, slow neutron counters (contains 


20% boron). 7 | 

* Proton recoil type, fast neutron counters. e e 

* Organic scintillation crystals. N Inc 
*® Low cost plastic phosphors. a ” 


Send for Bulletins 9 and 10 describing these. 


Also handy file folder. 10 CRAWFORD ST. NEWARK, N.J. 
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sions. Further memberships will be 
by invitation 

Vi CTOR E Wi LABORATORY AND) een cite it oom 

FIELD RATEMETERS ference Tor next summer, 


Industry Can Save Billion 
with Isotopes, Says AEC 


Present savings of about $100,000,000 
























SENSITIVE 
SCINTILLATION... 


a vear by American industry through 


use ol radioisotopes will expand to 
$1-billion in ten vears. Atomic Energy 


FIELD RATEMETER Commission member Joseph Campbell 


The portable, compact and light-weight 
Victoreen Model 389F weighs less than 
7 Ibs. Single control. Three ranges of 
sensitivity 0.05, 0.5 and 5.0 mr/hr 
full scale. Sensitivity may be increased 
by readjustment. Fiberglas reinforced, 
rugged case Two low-cost batteries 
used. Regulated vibrator power supply 

prevents calibration shift during battery 








made this prediction Ina recent speech, 






Citing current industrial uses” of 
Campbell pointed out 


SCINTILLATION PROBE 






radioisotopes 






several ¢ f large savings achieved 


reas Of 


Victoreen scintillation 
probes are efficient — have 







by today’s S60 industrial users 






Inspection ol welded 





greater sensitivity for the “tr 
lower intensity ranges. maciograpes 
Top quality 1” by 1” 
Nal(TI) crystals used. 
Shock-mounted phototube 
optically coupled 

to crystal, Probe head 


aging 





Hortonspheres lor storing high-pres- 
sure gases saves about $6,000 per 
sphere 

Thickness gages are used by 300 


COMpPAnles Larger companies report 


savings up to $100,000 annually in con- 
| } f rubber plastics, 







removable for easy trol of thickness 0 
substitution of alpha or LABORATORY RATEMETER sheet steel, ete. Possible savings in 
a aed Victoreen Model 524A is AC powered ‘ rol of copper shee ( ction. As- 

beta sensitive crystals oe ( sibs wed ia counts per minute, Six COer Gs es ‘aes heet p! aUCtION y 
suming 29% savings, are $%-million 






sensitivity ranges. Only three controls 
Meter and loudspeaker rate reporting 
Built-in recorder jack. Three time 


constants 





annually 





larger 2” by 1” Nal(TI) 
crystal, Water-tight case. 
Cable length varies. 






Tracer control of pipeline flow 


adioactivity to determine inter- 





USINng | 
Mi TERS face between shipments and thus avoid 

G Cc 0 u N ea loss—is used by practically all pipeline 
carriers, saving an estimated $500,000 





Leak detection eliminates breaking 
radiant-heated floors to 
shield for beta find leaks Campbell cited an instance 

where a residence heating bill shot up 


This GM type probe has 
a thumb operated sliding = Up concrete 
discrimination. Stainless a ae ane: Siliceliia oe 
steel shell; water-tight. pointed the leak. 
Uses either the 1B85 or 
AEC, NSF Support Research; 


6306 bismuth enriched 2 e 
counter tube. The 6306 is Fulbright Awards Continue 


VICTOREEN 
MODEL 389C THYAC 


The GM field-type ratemeter has a 
case identical with that shown at top 
of page. Time proven, reliable circuit 
Single control. Meter and headphone 
rate reporting. Regulated vibrator pow 
er supply prevents calibration shift as 
batteries age. Selected by civil and 
authorities 










Government support of research and 








nearly six times as 
three recent 









hi 
ee education is extended by 


sensitive on I'*!, 








series of financial grants 

Universities and private research 
institutions have been awarded 90 con- 
tracts for unclassified physical research 
ilmost $237,600 by the Atomic 
National Science 


totaling 


energy Commission 





GM TYPE PROBE 


Foundation has announced 176 grants 


lol basic re- 





about S1.1 million 


Information e@X- 


ISOTOPE RATEMETER | 
Laboratory type AC powered The ee 
Victoreen Model 524 has six sensitivity 
ranges. Three controls. Three time con 
stants. Calibrated in counts per minute 
Meter and speaker rate indication. Built 
in recorder jack 






cronrerences 






Variations of the portable — searc! 
| travel to meetings Ciov- 


change, and 


iwards under the Fulbright 







models are available for 







ernment 


high sensitivity aerial and or 
. : ct | 





by 326, tor 







ive been mereased 


drill hole surveys. which anplications are due October 15. 
AKC awards include 12 new con- 
effect on 


Medical Instruments Division tracts: correlation of pi 


The Victoreen Instrument Co. 


5806 HOUGH AVENUE « CLEVELAND 3, OHIO leal rea 


t card insert in this issue 


with reaction me¢ hanism 


reaction rate 
Institute 


will be utte mpted ut [limos 
Technology; isotope effect in chem- 





etions will be studied at Okla- 
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84 iiibiies ente dimenabiaat “tis tied 














Where AEC’'s Instrument Dollar Goes 









/ F Repair 


Fabrication and 
6% “wa maintenance 
an 22% 


Reseorch and 
\ development 
44% 





NEARLY FIVE TIMES as much is spent by 
the Atomic Energy Commission and its con- 
tractors to buy instruments from commercial 
sources than is spent in building them within 
the project. Figures given in illustration 
are based on accounting study of AEC’s 
$13-million instrument inventory and $10- 
million fiscal-1953 purchases 


\ & M; mechanism of graphitiza- 

tion, at Pennsylvania State University; 
ition-induced solid-state polymer- 
ition it) Polytechnic Institute of 
Brooklyn; design of low-power reactor, 
it State College of Washington; para- 


metic resonance absorption, at Uni- 
versity of Chicago; kinetic and equilib- 
ium salt effeets, at Cornell University: 


ration and properties ol tech- 


prepa 

netium and rhenium compounds, at 

University of North Carolina; re- 
wdeling electrostatic generator, at 


University of Notre Dame; transfer of 
ORNL Cockeroft-Walton, to Vander- 


bilt University; interaction of polarized 
photons with matter, at University ol 
Virginia; and quantum mechanical and 
semi-empirical determination of inter- 
molecular forces, at University of 
Wisconsin 
AEC contracts for 78 research proj- 
ects t <everal universities were 
{ { Ve 
Included in the NSF grants were 
$5,100 In support of a conference on 
ition biochemistry sponsored by 


the National Ac adem of Sciences. 


urther information on the post- 


docto Fulbright awards ean be ob- 
tained from the Conference Board of 
Associated Research Councils, Com- 
mittee on International Exchange 

Persons, 2101 Constitution Ave., 


Washington 25. D. C. 


Nuclear Pedagogy Gains 
in Two Eastern Schools 


kxpansion of nuclear engineering 
curricula in two eastern colleges is 
evidenced by recent appointments 
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NUCLEAR RESEARCH 
OR PRODUCTION 
a. = <= NEEDS 












VACUUM.... 


Beach-Russ Type RP Vac- 
uum Pumps are available 
in single-stage units in 
capacities from 20to 1700 
c.f.m. for vacuum up to 
10 microns or better. Com- 
e pound stages are also 
. available. 


on operations requiring absolute pressures in the micron range 
in the lab, the pilot plant or the production phase... 


BEACH-RUSS Type RP HIGH VACUUM PUMPS 


... because of their fast pump-down ability, have established 
their effectiveness both individually and as fore-pumps in a wide 
range of vacuum processing. 

Capacities from 20 to 1700 C.F.M. 

All Beach-Russ units are designed and constructed to give noise- 
less and vibrationless operation .. . low power consumption and 
operating costs. 


RP PUMP CATALOG 90 carries 
full details. Write for a copy. 


BEACH-RUSS COMPANY 


50 Church Street « New York 7, N. Y. 
y Nelo lett Ol-telelalul-tilmeeye) 


Want more information? Use post card insert in this issue. 
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New York Universitv has hired Lyle 


SCALERS REDUCE i i sine’ 


physics in its college of engineering. 


COINCIDENCE LOSS!" * 


University of Utah faculty. 


“l reactor work at Brook- 


and most recently was on the 





Rensselaer Polytechnic Institute, 
Troy, N. , has hired V. Lawrence 


Parsegian to be chairman of its engi- 


SG-1A_ The COMPLETE Scaler —1 or 20 milli- 


volt maximum sensitivity—5 electronic decades— 


Auto-count—Auto-time—extra stable, dual range neering group and professor of nuclear 
; 7 | 

? reer », sarye : 
high voltage power supply —2 to 2.5 micro- engineering Parsegian formerly di- 
second resolving time reeted research division of AEC’s New 


York ¢ perations Office. 


During the last academic year, 193 





college science and engineering teachers 
SG-2A_ Auto-time scaler —one_ millivolt non- 


! ] 
p ; ; ss listed themselves unde atomic en- 
blocking printed circuit amplifier with Schmitt a 
erg \ ina University of Chicago Press 


discriminator — scaler of 100 or 1000 — extra : 
stable high voltage power supply —2 to 2.5 census of 61,351 educators 


microsecond resolving time 





Reorganization Causes 
More AEC Changes 


SG-3A_ Research scaler with 2 to 2.5 micro- Continuing its large-scale revamp- 
second resolving time — scale of 1000 — instan- ing, (NU, June ’54, p. 76) the Atomic 
taneous reset — calibrated precision Schmitt Energy Commission has reconstituted 


discriminator. the San Francisco area office as an 


ee ae a paneer office reporting directly to 


microsecond resolving times, re the director of military 


dir r of ary applications in 
sulting in V2 of 1% maximum . 
Mc coincidence loss at 120,000 C.P.M. Washington. Dr. Harold Fidler eon- 
tinues as the office’s manager. 


TECHNICAL MEASUREMENT CORPORATION Merrill 8. Fisenbud, formerly diree- 
tor of AEC’s New York health and 
sufetv Inboratory, is the new manager 
of the New York operations office. 








140-142 State Street New Haven 11, Conn. 


Its former manager, Henry B. Fry, has 


DO Eee 
Remarkable performance cw the | sw sista mane tor adinis 


tration and services in the Santa Fe 

AGE DUO SEAL VACUUM PU operations office at Albuquerque N. M. 
TWO-ST ” , ® MP Ralph P Johnson has succeeded R. | 
deal for backing up Diffusion Pumps Cole as assistant manager for engineer- 


GUARANTEED VACUUM—-0.0001 mm (0.1 Micron) ing, consti uction and test operations at 
FREE AIR CAPACITY 375 Liters Per Minute the Santa Fe office. 







SPEED --185 Liters Per Minute at 1 Micron Pressure Grace M. Wells has been appointed 
director of public information service 
Exceptionally Patent No. at the New York operations office 


Quiet Operation 2337849 She replaces John F. Hogerton. who 
Built-in Trap pre- : 
wie il Ge resigned to rejoin Vitro Corp., New 
York Prior to joining N YOO in 1949, 
\Liss We IX WHs On Brook] nven Na- 


tional Laboratory’s public relations 


backing up into 
system. 


Indicator window 
shows oil level at 
all times stall 

At Oak Ridge, Tenn., AFC's oper- 


ations office established a new Feed 
\l iteriiis Division to clirect ind ecoordi- 


Convenient oil 
drain permits oil 
change without 
dismantling sys 
em. 


COMPACT 


Size 26x14! 0x18 
inches 


nate research and production pro- 
grams t! insferred from NYOO. KF. R. 


Dowling, deputy assistant manager for 





operations, will direct the new unit. 


Booth No. 743-745 The vacancy created when Allan C. 


S.A. Exposition 











) ! vas acl eed on cre 
Philadelphia, Pa No. 1397-8 Johnson was advanced t mnager ol 
Sept. 15-21 COMPLETE $575.00 the Idaho operations office last May, 
Write for new pump catalog has been filled by appointment of 


W. M. WELCH SCIENTIFIC COMPANY = Herlert MI. Leppich as director of the 
mans {actniment 694 DIVISION OF W. M. WELCH MANUFACTURING COMPANY office's division of engineering and con- 
ESTABLISHED 1880 struction Nii Leppir h Was a project 


15 Sedgwick St., Dept. NU, Chicago 10, Illinois, U.S.A. engineer in the Idaho office. 
86 aah neice tidetenctien?. ‘in Ward end tase to Bi ee September, 1954 - NUCLEONICS 

















RAW MATERIALS 


Madagascar. Covering 600 square 


es, deposits of high grade uranium 
1 th l ore have been discovered 
southwestern Madagasear at Behara- 
Esira. Ore is) mixture of thorium 
oxides it iranium oxides. , French 
itomic energy commission (CEA), sole 
legal buver, will pay about $1.25 per 
pound of ore Madagascar is already 
exploiting ther ore deposits near 
Antsirabe, as well as beryl and thorium 
ind 


NEWS MAKERS 


Gordon R. Molesworth, formerly diree- 
t f the nuclear energy information 
division of Bozell & Jacobs, Ine., has 
organized the publie relations and ad- 
ertising firm of Molesworth Associ- 
ates, 261 Madison Ave., New York. 
The firm will deal exclusively with 
itol energy and related fields. Mr. 
Molesworth was at one time assistant 
to the manager of AEC’s Oak Ridge 


Operations Office. 


Robert Holmes has been named direc- 
tor of Atomie Bomb Casualtv Com- 
ssion in Japan. The appointment 
inced by the National Acad- 


el of Sciences, National Research 
( '¢ " 

John W. Cartinhour, formerly deputy 
direct f engineering for Foster 
Wheeler Corp.. has been named man- 
wre the New York firm's Nuclear 
Energy Department, recently created 

nuclear-reactol development. 


Maj. Gen (ret.) Herbert Bernard 
Loper has succeeded Robert LeBaron 
is chairman of the Military Liason 
Committee to the ARC 


Gordon Dean, former chairman of the 


Ator energy Commission, has been 
elected lireetor of General Dynamics 
Corp The corporation has also an- 
inced appointment of Frederick H. 
Warren as assistant to the executive 
e pre ient, atomic energy. 
Harvard ‘. Hull has been named presi- 
dent of Farnsworth Electronics Co. of 


Fort Wayne, Ind., a new division of 
International Telephone and Telegraph 


C Che new division will take over 
r nd industrial eleetronies and 
eontes research and manufacturing 


thie ( ipehart-Farnsworth (‘o. 


Dr. Hull, before joining the 

tte ganization last veal Was direc- 

t emote control engineering at 
\ nne National Laboratory. 
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target 
tomorrow 


Asa mayor deve lopme nt in its pace sctting program ol 
advance planning, the Martin Aircraft Company is now 
in the field of nuclear power. 

Phis means that a top team of scientists, physicists and 
engineers is about to be assembled at Martin to carry on 
a planned, long-range program in this tremendous new 
SCICTICS 

Never before in our industry has there been such an 
opportunity for a select group of qualified people. 


Phey will be the nucleus of a major undertaking 


n 


the horizonless science of atomic energy, 


Write to J. M. Hollyday, Department N-9, The Glenn 


L. Martin Company. 


ss TERR a es es 
Vi 7A F228 ae © 


BALTIMORE +:-MARYLAND 
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PRODUCTS ann MATERIA 


18 Firms Display Variety of Equipment 
at First Large-Scale Nuclear Engineering Exhibit 


Industry’s eagerness to shift into high gear on nuclear engineering 
development was evident among the 18 firms that exhibited at the 
American Institute of Chemical Engineers’ International Nuclear Engi- 
neering Congress held at Ann Arbor, Michigan, last June 20-25. Com- 
plete reactors were offered by three exhibitors—-and others were eager to 
supply everything from special laboratory and reactor equipment to 
contract research. 

American Machine & Foundry Co., Babcock & Wilcox Co., and Foster 
Wheeler Corp., all of New York City, showed models of the swimming- 
pool-type research reactors they are ready to build for industry and 
universities. Babcock & Wilcox also offers a water-boiler-type liquid- 
fuel reactor. 

Minneapolis-Honeywell Regulator Co., of Philadelphia, Pa., supplies 
a complete automatic control and instrument console package for 
reactors, chemical processes, and laboratories. El-Tronies, Inc., also of 
Philadelphia, Radiation Counter Laboratories, Inc., Skokie, Ill, and 
Tracerlab, Inc., Boston, Mass., furnish radiation-detecting and -measur- 
ing devices for laboratories and reactors. 

A Detroit firm, R. V. Harty Co., designs and constructs radiological 
hot cells and shields. In conjunction with Michigan Chemical Corp., 
St. Louis, Michigan, they also supply zine-bromide viewing windows. 
Shielding glass and special glass for use with ZnBr. solutions are sup- 
plied by Corning Glass Works, Corning, N.Y. Kewaunee Manufacturing 
Co., Adrian, Mich., offers a varied line of dry boxes, safety hoods, and 


Blickman, Inec., Weehawken, 


N. J.. specializes in fabricating various alloys into unusual shapes and 


stainless-steel laboratory equipment. 5. 
systems. Master-slave remotely-controlled manipulators are supplied 
by Central Research Laboratories, Inc., Red Wing, Minn. 

The Dept. (Cheswick, Pa. 


Atomic manufactures canned-rotor 


Atomic Equipment of Westinghouse’s 
Div. 


equipment for reactors. 


Power pumps and special 
Callery Chemical Co., Callery, Pa., supplier of 
sodium-potassium alloy, also makes conduction-type a-c electromag- 
The Pfaudler Co., Rochester, N. Y., pro- 
duces a line of chemical processing equipment made of carbon steel with 


National Lead Co., N. Y. C., supplies, 


processes, and fabricates basic metals for atomic energy applications. 


netic pumps and flowmeters. 
fused-glass working surfaces. 
Battelle Memorial Institute, Columbus, O., performs all phases of 


nuclear energy research for government and industry. 


The following equipment and services were exhibited: 


American Machine & Foundry Co. motor and a dual synchro system 
AMF expects to quote firm prices on for accurate positioning. Three-bolt 
research reactors soon. A model of a mounting permits rapid replacement. 
swimming-pool tvpe reactor showed Drive amplifier, and fault-detection 


how AAME'’s standardized units can be units enn be tested for Improper opera- 
used interchangeably to give vari- tion and are said to be maintained 
ous reactor configurations Eventu easily 


ally, AMF intends to have a eatalog The safetv element is positioned by 


from which components « in be selected 1 gear motor, an internal computing 
AMF also has developed reactor con- mechanism, and a cable drum. <A 
trol mechanisms. A control-rod drive wgnetie a y-powder clutch is designed 
with associated servo amplifier) anda to provide quick release and smooth 
reactor safety device were exhibited leceleration. 
The rack-and-pinion drive for the Babcock & Wilcox Co. A firm price 
control rod incorporates a le nertia hetween $100,000 and S150.000. de- 








pending on specifications and installa- 
1-\Mw swim- 
100 kw 


tion problems, will buy a 


ming-pool reactor or a 200 


water-boiler reactor made by B&W. 
Models and plans of each reactor were 
exhibited 

The water boiler is a semihomogene- 
ous unit with an aqueous enriched- 
uranium sulfate fuel solution. The 
core is in the center of a 4-ft cube of 


reflector A 4-in.- 


thick carbon-steel thermal shield sur- 


graphite used as a 


rounds this. \ 5-ft extension of the 
graphite reflector on one side serves as 
a thermal column. Aluminum exposure 
ports extend to the core or reflector 
from all faces of the octagonal high- 
density concrete shield. There are two 
ports i the thermal column. The 
B&W water-boiler reactor is designed 


to supply strong collimated beams of 


both thermal and mixed neutrons for 
experimental uses. Large  through- 
holes with fairly high fluxes can be 


provided. 
Configuration of the swimming-pool 
reactor, located In water in a LO X& 20 


25-ft concrete tank, and experimen- 


tal facilities can be varied to permit 
many types of experiments. In addi- 
tion to eight 6-in. and two S-in. beam 


ports, B&W plans to incorporate three 


pneumatic tubes for tast rabbit” ex- 
periments. Special ports and tubes 
also can be provided 

Foster Wheeler Corp. Models of a 
sWimming-pool type research reactor 


chemical processing plant were 
Foster Wheeler's exhibit. 


= nuclear engineering depart- 


and a 
displaved in 
The firm 
ment plans to design and build reactors 
and other equipment to order. 
Minneapolis-Honeywell Regulator 


Co. 


ments were shown in the Minneapolis- 


and eontrol instru- 


Rev orders 
One available unit 
control and instrument 
the 


Hone\ well display e 


Is an automatic 


console For reactors, firm sup- 
plies the complete control circuit except 
for the detectors and rods. 

El-Tronics, Radiation Counter Labs, 
ond Tracerlab. These three firms dis- 
mon- 


I l- 


ilso showed servo amplifiers 
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plaved radiation survey meters, 


chambers, and sealers. 


itors, ion 


Tronics 








RCL 


spectrometers 


and electronic test equipment. 
exhibited 


, 
“LSO gamma 


and compensated ion chambers for 


measuring neutron flux. Tracerlab 


demonstrated their manual and auto- 
matic sample-counting equipment. 


R. V. Harty Co. 


contracting firm showed a ZnBrs shield- 


This engineering 


ing window of the type the firm sup- 
cells. 


and build concrete shields for hot cells 


plies for hot Harty will design 
and other applications. 
Corning Glass Works. 


hibited special refractories and various 


Corning ex- 


types of 


glass for shielding, dosimetry, 


and laboratory apparatus. 


Corning supplies the nuclear field 


with three main types of transparent 


lding glass: 3.27-gm em? cerium- 


stabilized lead glass, 6.25-gm cm? Pb 


via 2.7-gm em? Ce-stabilized 
iss that is recommended for 
containing ZnB 


specia 


al-composition 


shielding solutions. 
devel- 


glasses 


oped by Corning include a radiation- 


damage-resistant 100 °Z-silica glass and 
dosimeter formulations for personnel 
protection and quality control in food 
A variety of shapes and 


sterilization 


sizes are available. 
Corning makes special refractories 
high-temperature applications in 

ich corrosion resistance is important. 
For example, their dense alumina is a 


nonreacting container for molten ura- 


nium. Other Corning refractories in- 


lized zircox (zir- 


licate 


stab zirconia, 


elude 


and chromic oxide. 


eonium s 
Kewaunee Manufacturing Co. 
‘his laboratory furniture manufacturer 


exhibited devices for handling various 


hazardous chemieal, biological, and 


ietive materials. Standard units 


recessories can be combined for 


ane 


various operations involving many 


steps with the different tvpes of haz- 


ardous materials. Rubber gloves Or 


remotely-controlled manipulators are 


used to perform work inside the units. 
The boxes can be supplied with built-in 


lead shields. Most units are portable 





THESE ARE NOT ALL the firms 
that design and manufacture 
nuclear equipment. Only 
products and services of com- 
panies exhibiting at the Con- 
gress are reported. A com- 
plete listing of suppliers of 
nuclear equipment and mate- 
rials is given in the NUCLEON- 
ICS Buyers’ Guide published 
each November. 
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and can be moved to designated decon- 

tamination areas, 
S. Blickman, Inc. 

illustrations of 


Blickman showed 
complex laboratory 
equipment and processing systems the 


Blick- 


man shapes various alloys (including 


firm has  custom-fabricated. 
stainless steel, aluminum, and nickel) 
into dry boxes, hoods, and other lab- 
The 


circuits = tor 


oratory equipment. firm also 


fabricates liquid-metal 
coolants. 

Central Research Laboratories, Inc. 
The Model-4 master-slave manipulator 
demonstrated in the Central 
Lab. exhibit. It provides 
easier sight control and more sensitive 
“touch” than the 
Central 
performs contract research in the fields 


was 
Research 
firm’s previous 


models. Research Lab. also 
of chemistry, physics, and electronics. 

Westinghouse Atomic Equipment 
Dept. Westinghouse displaved a 5,000- 
gal/min canned-rotor pump designed 
to pump high-temperature fluids where 
zero leakage is essential. The pump’s 


Inconel-jacketed rotor turns inside a 


similarly-clad stator for protection 
from the fluid. 
by the fluid being pumped. 
Callery Chemical Co. 
type electromagnetic pumps designed 
1.000° F 
phase 60-cvele a-c 
hibited. 
no packing glands, and can be installed 
The 
flow is fully reversible and rate control 
is 100% 


Callery’s electromagnetic flowmeter 


Bearings are lubricated 
Conductor- 


to operate to from. single- 


voltages were ex- 


They have no moving parts, 
with weld or flange connections. 


from zero to maximum. 


also was shown. It is said to be aceu- 
rate to +2%, 


with fluid temperatures up to 1,500° F. 


and is designed for use 


It has a relatively high fluid capacity 
with straight-through flow, a straight 
line-voltage :flow-rate relationship, and 
has no moving parts, seal pots, dia- 
phragms, or gages. 

Callery supplies Nak in any com- 
position desired. 


Pfaudler Co. Pfaudles 


piping components and valves from its 


displaved 


line of fused-glass chemical processing 
equipment. The special cobalt-glass 
fused to the surface of carbon steel is 
intended to make the equipment resist 
acid corrosion up to 450° FP. The glass 
surface exerts no measurable catalvtic 
effect and resists product adherence. 
The equipment is said to be easy to 
clean, durable, and economical. 
National Lead Co. 


metals and 


Samples — of 


processed fabricated by 


National Lead Co. exhibited 


Lead safes and bricks of various shapes 


were 


were shown, 

National Lead also can supply com- 
plete reactor fuel elements as well as 
other fabricated 
lead, titanium, 
barium, nickel, cobalt, and thorium. 

Battelle Memorial Bat- 
telle-developed materials of importance 


products made of: 


uranium, zirconium, 
Institute. 
in reactor construction were featured 
Institute's The 


melting process for producing zirconium 


in the exhibit. ure- 
Was demonstrated. 
In the nuclear field, Battelle engages 
in research on: reactor systems, effects 
of radiation, tracer techniques, uranium 
and thorium beneficiation and metal- 
lurgy, heat transfer, thermodynamics, 


COrrostion, and engineering CConomICS 


New Products This Month 


Radioactivity Monitor 

The model 1619 monitor was designed 
for use with a Geiger counter for (1) 
routine surveying tor alpha, beta or 
gamma contamination in radioisotope 
laboratories, (2) detecting large fluctu- 
ations in cosmic ray and other labora- 
tory “background,” and (3) other rou- 
tine measurements of radioactivity for 
work Ol 
The 
provides four ranges for counts up to 
20,000 epm. 
provided — for 


medical work, tracer 


process 


control in industry. instrument 
A built-in loudspeaker is 

additional indication. 
Nuclear Instrument & Chemical Corp., 


229 W. Erie St., Chicago 10, Ill. (P-1) 


Compressor Amplifier 
The type 501-A compressor amplifier 
stabilizes varying signals to eliminate 
levels when 


adjusting oscilloscope, 


bridges, phase-comparator or wave- 


analyzer signals are observed. Instru- 
ment accepts signals of varying ampli- 
50 volts and 


tudes between 1.25 and 


delivers an output signal of the same 


89 














MISSILE 
SYSTEMS 


Research 
and 


Dewe lopme nt 


Inquiries are invited from 
those who can make significant 
contributions to, as well as 
benefit from, anew group 


effort of utmost Importan¢ e. 


Sudbedl 


MISSILE SYSTEMS DIVISION 
research 
and 
engincering 
staff 
VAN NUYS ¢ CALIFORNIA 
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waveform but held at a substantially 


constant amplitude of 0.25 volt (0.4 
db) bv a 
ess variable attenuator. 
10 to 1 (32 db) from 500 evcles 


but slightly 500 


servo-controlled distortion- 
Compression 
ratio is 


to 1 Mi 


evcles 


less below 
Frequency range 10! complex 
signals at any condition of Compression 
eveles to 50° ke. 
Instrument Corp., Acton, Mass. 


T ch nology 


(P-2) 


is 50 





X-Ray Diffraction Camera 
The model HC-10L high-temperature 
X-ras ( 


| 
designed for general-purpose investiga- 


iffraction powder camera was 


controlled ele- 
1,000" CC. 


film earrier allows five 7-mm 


tions of substances at 
vated temperatures up to 
Movable 
diffraction patterns to be made on the 
sume film, facilitating the determina- 
tion of phase diagrams and registering 
comparison patterns of different sub- 
stances at selected temperatures. 
Film carrier can be removed from the 
stage of 


the 


thermal environment of powder sam- 


furnace assembly at any 


investigation without disturbing 


ple. Standard 35-mm X-ray film may 


be used for single exposures. Central 
Re searcl Laboratori a. I ne.. Re d Wing 
Minn. (P-3) 


SHUR-FLO 


ERLOR 





Automatic Flow Switch 


The Shur-Flo Automatic Interlock flow 
Swit uts off equipment or provides a 
sig wherever flow falls below estab- 
lished satety rate Available in !5-and 
l'y-in. pipe sizes. The !y5-in. size 


des switch control 


here from 0.1 to S gal) min and 1!4- 
ze provides switch control points 
invwhere from 8 through 40 gal) min. 
Hays Mfg. Co., 812 W. 12th St., Erte, 
Pa P-4 


points any- 


Use post card insert in this issue. 





Electronic Counter 


The model 


matic electronic counter employs four 


524B direct-reading auto- 


plug-in units to extend range, increase 
provide time-interval 
measuring Basic 
unit is 10 cps to 10 Me for frequency 


sensitivity o1 
eireults. range ol 
counting or 0-10 ke for period measure- 
ment. Video amplifier, frequency con- 
verter and time-interval plug-in units 
extend the counter’s capabilities so that 
it measures frequency from 10 cps to 
220 Me and time interval from | usec to 
100 


ments are 


days. Time interval measure- 
said to have an accuracy of 
0.1 psec 0.00167. Hewlett-Packard 
Co., Dept. P, 395 Page Mill Rd., Palo 


Alto, Calif. P-5) 


a 
ff site 

















Electronic Generator 
The 


delivers 


model 1425 electronic generator 


900 VA 


SU to 135 volts or 160 to 


output trom 


2.0 


powel 
volts 


Four frequency ranges covering 50 
i 

6,000 CVE les are provided, Distortion 

is <5% uat.full load; no-load to full- 


load voltage regulation is within 2%. 


nication Veasurement Labora- 
tory, Inc., 350 Leland Ave., Plainfield, 
N we (P-6 
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THE NEw “ULTRASCALER”’ 


IS THE MOST VERSATILE SCALER 
“ AVAILABLE ANYWHERE 





Combining all the features of several 
scalers in one complete unit 






















Electrophoresis Unit 


Che Series 54 Electrograf accommodates 
%) n.-wide filter strips or 12 1-in.- 3 
de filter strips. The unit has voltage 
ontrol from zero to 450 volts and cur- 
ent control from zero to 50 ma. The 
er supply has sufficient capacity, 
ind is equipped with necessary plug- 
to operate four migrating chambers 
multaneously. Migrating chamber 
fits into any retrigerator to maintain 


stunt temperatures. Constant hu- 
is created with snug-fitting cover. 





Separate troughs are used for electrodes 
ind buffer for protecting migrating 
terial. Cotton wicks connect. the 
electrode troughs with buffer; automatic 
quid leveler prevents sy phoning buffet 
through paper. Labline, Ine., 217-221 


V. Desp rines St., Chicago 6, Ill. (P-7) 





We 7 


ae 


1. Coarse and fine controls vary high volt- 
age from 500 to 2500 volts with 5000 volts 
optional; 

2. Built-in Eagle timer provides prede- 
termined automatically reset time operation 
from 9 seconds to 60 minutes; 

3. Built-in 60 cycle signal for testing scal- 
ing action at any time; 


i i 
Dimension Gage 4. Sensitivity controls permit counting with 


The JKA dial comparator is used for any Geiger, scintillation or proportional 
juick, accurate dimension readings detector; ; ; ; 
: ee 5. Direct reading decade scaling units; 
erv small parts. To take measure- nag es ne 
6. Built-in four digit electrically reset 
ments, the operator moves the operat- register; 
y lever to the right, opening the jaws 7. Built-in timer indicates counting time 


up to 9999.99 minutes; 


lixks: after the part is in position, “ ee ; ; A 
8. Scale multiplier switch permits wide 





the operating lever is released and a range of count settings; 
lirect reading appears on the dial. 9. Electrical reset switch for plug-in units, 
Phe unit is supplied with a range of timer, register and Eagle timer; 

10. Six position scale se lector switch for 
ero to mm, 0.01- gr: ‘a- : 
om with 0.01 — idua scaling factors up to 1000; 

07,6 in. with 0.0005-in, grad- 11. Operation switch for selection of man- 
ition: Vercury Stpply Co., 410 ual, predetermined time, predetermined 
ee Elmhurst. Ill (P-s) count, “‘time-count,’’ or remote operation. 

Get all the facts about the New Model 192 
Air and Gas Dehydrator ULTRASCALER: write today to: 
he ole m- hy es 
r lel Cm-1 dehydrafilter isa Nuclear Instrument and Chemical Corporation 
desiccant sir and gas dehvdrator 235 West Erie Street, Chicago 10, Illinois 
designed especially for isolated pneu- Ae Ai 
natie equipment. It is rated at 1 efm MME. Car - €. sEaAgO 
ge ei 4 
it 100 psig and 70° | Phe dehvdra- 
tor features a disposable desiccant car- CHICAGO + NEW YORK «+ LOS ANGELES 

er : ‘ DALLAS +» HOUSTON « SILVER SPRING, MD 
tridge and *‘O” ring seal construction 
that eliminates the need for tools to 
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dew points as low as —67° F. Mate- 


ils used the construction the de- 
hvarahite e brass fe the head and 
case and plastic-coated aluminum for 
the cartridge Right or left hand units 
ire avallable Hankison Cor; Pitts- 
burgh, Pa Pp-9 


@ No window absorption @ 2 = geometry @ Full 
yield a counting @ Differentiates between a 
and 6B @ Negligible resolution loss @ Adapts 
any scaler to proportional counting @ Rapid 


decontamination 


MODEL PCC-10 


‘385.00 


F.O. B. INDIANAPOLIS 








2 
Digital Converter 
FREE CATALOG nh 
The Digi-Coder converts analog out- 
Catalog’ N-8 covers NMC's 
, complete line of nuclear put of primary sensing devices, suen 
\ instruments, flow meters thermocouples ¢ pres- 
sure transducers, into a digital signal 
Digital signals are represented bv cis- 
Foremost Manufacturer of Proportional Counters siniiids diaaaidinnah indialaeise ties Cia tials 


& | MM i C r Two Digi-Coder types are offered. 
IZ uciear measuremenr?s VLorp. ee ee a a 
| d to its input shaft from a pneu- 
2460 W. ARLINGTON AVE. » INDIANAPOLIS 18, IND. matic or other receiving mechanisin 
into a digital output signal; torque 
requirements are less than 0.2 in.-oz. 
Second t pe which contains an inte- 
gral self-balancing potentiometer, con- 


verts analog voltage into the digital 


signal Voltage-input tv pe operates 





on 0-1 mv input and up. Fischer & 


Porter Co.. Hatboro, Pa P-10 


hal LABORATORIES 








LELAB GEIGER-MUELLER TYPE COUNTER TUBES 
Metal-Walled — Resist Shock 


Except for a glass bead insulator, Lelab counter tubes are constructed entirely 
of metal. The metal cylinder is used both as the envelope and cathode of the 


tube—-providing it with strength, resistance to shock and simplicity of design 





The restriction of all component parts within the diameter of the tube Oscillograph Recorder 


permits the close stacking of many tubes within a confined space. Each \Miodel SOS2) two-channel oscillograph 
counter is custom-built, filled and tested in order to insure stability and 

recorder can be shifted easily to any 
reproducible results. 
one of six speeds, from 2!» to 100 mm 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY see while unit is operating or turned off. 


(Robin-on-Selverstone Type) Deposited-metal drive rol and positive 

Made especially for neurological surgery and other purposes requiring a nonslip paper adjustments permit use 
“e . » » a 1] eG vinnles wy . ' Te te 

miniature probe tube The small needle-like probe provides an ideal way of rolled or folded paper Instrument 


of measuring radioactivity in vivo and for probing small areas with a relativels oe 
strong field intensity transcribes in ink, drawn through non- 

Write Dept. B for complete information clog ink system on true circulinear Co- 
ordinates Edin Co., Inc., 207 Main 


H. W. LEIGHTON LABORATORIES, 26 Herman St., Glen Ridge, N.J. | P-} 
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Hydraulic Pumps 


The series HL pressure-balanced, oil- 








hydrau vear-type pumps, designed 











for hen diut ise in machine tools, 





materials handling, earth moving and 








other mobile equipment, deliver 40, 50 








































60 and 70 gal min at 1,200 rpm, and 
opernte t pressures up to 1,500 1b inh. 
Port connections are made by means of 
SA] split-flange hose connections. 
These pumps can be easily removed for 
Sel ng without destroving piping 
seals 0 deve ung leaks. //ydreco 
Div... New York Air Brake Co., 1100 E. 
: : s Ceramic discs of high K dielectric 
2IInd St... Cleveland 1 Ohio P-12 material are molded in the Allen 0001 
Bradley plant by precision methods 00015 
After sintering, discs are coated with 00022 
silver paste and heat treated. Leads 00033 
0015 ore attached and the capacitor is then posed 
nsulated and wox impregnated 
.002 e eres 0008 
0022 mid. 00! mid 




















ALLEN-BRADLEY 
CERAMIC CAPACITORS 





The Allen-Bradley line of ceramic capacitors has been 


Servo Motor 
expanded to include new capacitors of lower values. For 


| ] 7 ~4 ro co a” olo s ¢ - 

— : a 7 sli 3a : vse ee is example, the '/,-inch capacitors now go as low as 0.00001 

ial be , aati mfd., making a total of 28 Allen-Bradley capacitors 
ere nag geno available from 0.00001 mfd. up to 0.022 mfd. 
eations t is i o-volt, -C ps 
2-phase induction-type motor. The Every step in the manufacture of these ceramic capaci- 
1050 has a 5,500 rpm no-load speed tors is performed in the Allen-Bradley plant . . . from the 
ind its minimum locked rotor torque molding and sintering of the ceramic discs to the final 
1 0:89 cs-in. incitherdettion, Goene impregnating and testing of the finished capacitors. 
wT Bese Core.. Jenene. Wis. P13 Allen-Bradley ceramic capacitors are approved by the 


engineering departments of the leading electronic, elec- 
trical, and telephone laboratories. Allen-Bradley . . . long 
famed for the design and production of high quality elec- 
tronic components . . . is at your service as a major supplier 
of ceramic capacitors of superlative quality. 


Samples will be submitted for your qualification tests. 


Allen-Bradley Co., 106 W. Greenfield Ave., Milwaukee 4, Wis. 
In Canada—Allen-Bradley Canada Limited, Galt, Ont. 





Power Oscillator A L L E N - a R A & L E Y 


Power oscillator model 1040, designed RADIO & TELEVISION COMPONENTS 


for use as a power source for bridges 
and test set-ups, provides a frequency GUALITY 
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Znbr. 






FOR 
VIEWING 
WINDOWS 






Zinc Bromide in optical grade solution has been demon- 
strated to be an effective answer to the problem of shielding 
Michigan Chemical Corporation, for 
twenty years a quality producer of chemicals, offers a prompt 
Michigan Chemical Zinc Bromide 
now in use has proved satisfactory, and complies with all 


viewing windows 


supply of this compound 





AEC 


Specifications 


Write us for further information, 
and a reprint of an article from 
NUCLEONICS entitled, “Design 
and Construction of Shielding 
Windows”. 


MICHIGAN CHEMICAL CORPORATION 


Saint Lovis, Michigan 


ii a 
+ phy. a 
* -. a ~ 
pa 
Le. 


&. 








fe ) 


ILAB DOLLY moor a 


. with 8 power outlets (1500 watts, 110 VAC) 
and a 10 foot heavy duty extension cord. 





* Ball Bearing Swivel Rub- © Recommended by Lab- 


ber Tired Casters oratories wherever 


used. 


Price 49 oe 


FOB Louisville, Ky. 


* Constructed of Aluminum 
2 Shelves for 
Equipment and a pan for 


Features 





test leads, notebooks, etc. 


TECHNICAL SERVICE CORP. 


1404 W. Market St. 





© 31)” high, 182” wide, 
27” long. 








Louisville 3, Kentucky 








MOVING? 


If you are moving (or have moved), tell us about it, won't 
you? Your copies of NUCLEONICS will not follow you un- 
less we have your new address immediately. Make sure 
you don’t miss a single important issue . . . and help us 
make the correction as speedily as possible by giving us 
your old address, too 


NUCLEONICS 


Circulation Dept. 


330 W. 42nd St., New York 36, N. Y. 











94 Want more information 


Use post card insert in this issue. 


of either 400 or 1,000 eps. Three watts 





of powel it less than 1°% distortion, 
are provided at various output imped- 
ance levels A control on the front 
panel alle fora continuously variable 
output from zero to 120 volts lre- 
quencies are factory set. to within 
0.25% Industrial Test k cipment Co, 
59 EE. 11th St., New York, N. } P-14 





Digital Computer 


The model 208 digital computer is a 
veneral-purpose machine that is said to 
be adaptable to any problem reducible 
Mathematical 


performed at an 


to numerical terms 


ftuhetions are 


average 


rate of 500 sec except multiplication 


which are act omplished 


and 


cess time to words stored in 


and dlivis on 


ut 120) se SD sec respectively. 


Avernge iif 
the main part ol the magnet is Memory 
drum is 8.56 msee, while those stored in 
the tempor 


ary section can be delivered 


Inaan average of O.S5S msec. Consoli- 


00 N. Sierra 


P-15 


dated Engine ring Corp . 
Vadre Villa. Pasadena 8. Calif 





High-Speed Framing Camera 


\odel 222 framing 


enmern. designed for 


ombustion 


use in corona-cdischarge 
explosion, plastic- and elastic-detor- 
mation and shock-wave phenomena, 
produces high-resolution photographs 
at rates as high as 2.4 million see. 
Similar but lower speed voce INQ 


covers the range up to 1.2 
the 


Irames sec itfective aperture of 
oximately f 14.5 Resolu- 


film is appr 


tion in time direction is 50 lines mim, 
and 100 lines mm in the space cdirec- 
thon: exposure time est iblished by 
diamond-aperture stops, in the stand- 


ard camera is 3 & 1007 see at 5.000 rps. 


{ 


Frame size Is , bv } in.: focus 


It to minity. 


range ol 
Inte- 


: , 
housing is a aday- 


objec tive lens is 7 


erated Into camera 
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>with LOO-ft ca- 


wrated take-up 
we Indicator 
ye Nan 


P-16 


Wheatstone Bridge 


hype ZN single-knob measuring bridge 
stance ranges trom 40 
50,000) ohms, operates 
cell. Her- 
Parke ft.. 


(P-17 


15-volt dry 
t Co... Ine 


Dealkalizing Salt Splitter 
Ko a ! medium-sized 


Dealkalize iti 


plants 
izes strongly basic 
capable of salt 

chloride 
carbonate 
radicals. It is 
chloride 
alka- 


resin 


substituting 


process of 
thy reduces 
f seids, reduces 
rovides Continuous 
pressure Cochrane 
nd 1/ 


equeny Ave. 


P-1S 


Analog-Digital Converter 
Phe ligital cor 


vr v verter was de- 
data handling svstems 
uuters to simplify and 
nalog-digital conversion. 
f control circuits is pos- 


nel svstems bv using 
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It’s easy 


to cut, 


shape or 


drill hard, 
brittle 
materials... 


The ‘‘Airbrasive'’ Unit can be 
operated manually or automati- 
cally. It's ideal for both labora- 
tory and production line work. 


INDUSTRIAL “AJRBRASIJVE”’ PROCESS 


With this revolutionary new cutting 
technique, a tiny stream of finely 
graded abrasive particles traveling 
at ultra high speeds does the work. 
There’s no heat, no shock and no 
vibration. Consequently, the crystal- 
line structure and other character- 
istics of the material remain unaf- 
fected. What’s more, the process is 
fast and accurate and can be readily 
controlled. 


Shown above is one of the many ap- 
plications on which the “Airbrasive” 
process has been successfully used. 
In this case, the problem was to drill 
contact depressions .030” in diam- 
eter and .015” deep in a quartz disc. 
With the “Airbrasive” process, this 
was just another routine operation! 


GET THE FACTS. BULLETIN 5307 has full in- 
formation on where and how the “Airbrasive” 
process can be used. Send for your copy today. 


The “Airbrasive” process has solved 
many such “problem” jobs for elec- 
tronics manufacturers — many of 
them considered impossible to do by 
conventional means. It has proved 
to be highly successful in cutting 
germanium and other hard, brittle 
materials—in “trimming” resistance 
elements on printed circuits—in re- 
moving deposited surface coatings 
—and in shaping fragile crystals 
used in neutron diffraction work. 
Perhaps you have a similar problem. 
Why not arrange for a demonstra- 
tion at our New York or California 
office. Or — if you prefer — we'll 
conduct tests on your samples and 
advise you as to the suitability of 
the process for your needs. 


= 


~~ 


ORG, £ 
THE INDUSTRIAL DIVISION 


DENTAL MFG. CO. 


Dept. 16, 10 East 40th St. 





@ NEW YORK 16, N. Y. 


Western District Office * Times Building, Long Beach, California 


ost card insert in this issue 














Pariscopes 


For 


“HOT SPOT” 


Remote Observation 


A custom designed industrial periscope 
is very often the answer to “Hot Spot” 
remote control handling, instrumenta- 
tion and observation. We have designed 
and manufactured many such peri- 
scopes. 


If you have a problem calling for a 
periscope or for any precision optical 
system, check with us. For nearly half a 
century Kollmorgen has designed, de- 
veloped and manufactured precision 
optical products including Industrial and 
Naval Periscopes, Fire Control! Devices, 
Projection Lenses and Navigational In- 
struments for Industry and for the Armed 


Services. 
Send for Bulletin 301 






with each 
the 


lor seanning mans 


s ition diodes in- series 


koff brush, allowing control 


used 


Standard code disks are 


nufactured for binary operation, 
othe: 
Present 

19 digit 


varving from 2 49,4 to 


decimal or systems 


" ordered models lli- 
13, 17 
in} diam, 

1 id,, Wy 
ire Input torque 


and units, all 


long. Input 


requirements 
under 0.2 oz-in. and 
2 ma pickoff brush. Digit 
Trequeney may vary 900 


1 Me or higher 
I) G07 Flower St.. 


from 


Libra 


SCOPE, 


Glendale. Cali- 
P-19 





Automatic Valve 
The | 


tv pe } ot 


ectroflo Valve utilizes a piston- 
iction solenoid-operated 
e to provide automatic on-off con- 
flow. Hays Mfg. 
Erie, Pa. P-20 


trol of water or au 


W. 12th St 


Analytical Quartz Shapes 


Comme quartz shapes are avail- 


ind ultramicro analyti- 


r r micro 


Work Items include breakers 

| flasl ided seals, ground 

nts and eapillars pipets Thev are 
tra ent and provide high = trans- 
ultraviolet and visible radi- 

biol \eltin port and chemical 
resistance ire high Vicrochemical 
SN pe rite ('o 1834 University Ave 
Berkeley, Calif P-21 


Silicone O-Rings 


K@ ORGEN Ine | muted silicone rubber Q)-rings 
nore if resistance to aromatic, chlorin- 
@ ted or other solvents that normally 
ittack silicone rubber. Useful tem- 
CORPORATION 2% eH is approximated 

4 L\ ‘ 
120° F to +3907 I Low-temperature 
Plant: 347 King Street, Northampton, Mass. properties of silicone rubber are not 
New York Office: iffected. Bacon Industries, Inc., 192 
30 Church Street, New York 7, New York = /’/evsini St, Watertown, Mass. (2-22 
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Dependable 

ow KELEKET 
a POCKET 
CHAMBERS 


monitoring 


instruments 


K-700 Pocket Chamber 
(AEC 2 PIC-2E) 


For monitoring exposure to X-or 


gamma radiation Completely 


sealed, unit is unaffected by at 
mospheric conditions 200 mr. 


charged on 


ys 


43” x }” dia 
A Charge-Reader 


range 


K-43 


a 


-300 Slow Neutron 
Pocket Chamber 
(AEC 2 PIC-53) 


Measures exposure to slow or ther- 
ma neutrons Use for monitoring 
areas or source carrying containers 
n transit. Also to plot isodose line 

m range. 43” x 43” dia 
charged on K-430A Charge-Reader. 


W rite K-300 


KELEKET Instrument Division 


266-9 W. Fourth St., Covington, Ky. 


for FREE Bulletin! & 











Hi-D 
LEAD GLASS WINDOWS 
IN CONCRETE WALLS 














Hi-D Lead Glass Windows in con- 
crete walls are dry, and hence are 
completely dependable. Where the 
viewing problem is mainly wide- 
angle vision, Hi-D Glass is fully com- 
petitive in price with zinc bromide. 


LARGER SIZES NOW AVAILABLE 





Send for circular GS-3A 


PENBERTHY 
INSTRUMENT CO. 


666 ADAMS $1 SEATTLE 6 WASH 
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INDUSTRY NOTES 


P Isotope 


1 
ei] I > 


Inc., l being 
if! 0 N \ to provide 


Products 


m equipment to 


York, has 


al laboratory 


P National Lead Co., New 


1 
esta hed wuoaochemn 


i laboratories. In 
. the new unit will 
ic and = industrial 


compan ’s plant. 


RP Babcock & Wilcox Co., New York 
ontracted with Westinghouse 
supply two heat ex- 

PWR power plant to 
pingport, Pa. The 
less expensive Inia- 
requiring Tewer com- 


previous 


& Stone & Webster Engineering Corp., 
New Yi has been selected by Brook- 
Laboratory as archi- 
building and support- 
for the 25-Bey proton 
inds for the $20-million 
ject have been approved 


Isnergvy Commission. 


LITERATURE AVAILABLE 


Vacuum tube voltmeter. 
meter model 210. 


Brochure de- 
Keith- 
SOS arnegu Ave., 


. Ohio L-1 


Thermoelements. Thermoelements 
Base Metals” 


use of thermocouples. 


dliscusses 


Pas saic 


L-2) 
Folder 


applications — of 
1 EM-100 electron 
Lmerican Philips 
m Ave., Mt. Ver- 

(L-3) 


Electron microscopes. 


Cs ind 


fives 


High-voltage resistors. Bulletin G-1 
tvpe MV high-voltage resis- 


ional Resistance Co.. ,01 


V. Broad St., Philadelphia 8, Pa. (L-4) 


Advan- 


nt intreatment of industrial 


Industrial waste treatment. 


ind process liquors are 
bulletin WC-116. Graver 
tioning Co., 216 W. 14th 
2 (L-5) 


diodes. Bulletin N-l 
gives comprehensive data on series IN 


Germanium 


germanium diodes. International Re- 
SLs ( , 401 N. Broad St., Phila- 
le 1a ( (L-6) 
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SEARCHLIGHT SECTION 





DEVELOPMENT 
ENGINEERS 


FOR: 


Design Engineering, Practical Research, 


Investigations of Theories, Functional Analysis 


An interesting challenge for senior design engineers to work 


directly with top 


prototype stage 


Automatic Control Instruments 
Electronic Navigational Aids 


Magnetic Amplifiers 


project 
new developments in: 


supervisors helping through the 


© Airborne Armament Systems 
® Guided Missile Controls 
© Computing Equipment 


For these jobs we are interested in men with two or more years experience 


in electro-mechanical work 


related to 


the above fields or in men with 


superior scholastic records in physics, electrical, electronic or mechanical 


engineering. 


YOU'LL LIKE WORKING AT FORD INSTRUMENT 


Not too large, not too small 

Stable but progressive company 

N. Y. C. location with all its additional 
varied opportunities 

Above-average fringe benefits 


® Pension Plan 

® Nine Paid Holidays 

© Two Weeks vacation with pay 

® Tuition assistance for further related 
studies 


Our policy of permanency of positions and continuity of service does not 
allow us to employ engineers unless there is a clear and definite need for 
them projected years into the future. And we promote from within 

If you can qualify, we urge you to contact by mail, or if in N. Y. C. phone: 


Mr. P. F. McCaffrey, Stillwell 4-9000, Extension 416 


FORD INSTRUMENT COMPANY 


Division of the Sperry Corporation 
31-10 Thomson Ave., Long Island City, N. Y. (20 minutes from the heart of New York City) 





MECHANICAL ENGINEERS 
APPLIED PHYSICISTS 
and 
CHEMICAL ENGINEERS 


New research opportunities are 
developing for young men at the 
B.S. or M.S. level of training with 
appropriate experience or interests 
in heat transfer technology and 
nuclear reactor physics and 
neering. These are careet 
in a stable 
research organization 
and professional achievement op- 
portunities limited only by the in- 
dividual’s capabilities. All applica- 
handled promptly and confi- 
dentially. Please reply to 


BATTELLE MEMORIAL INSTITUTE 
505 King Avenue, Columbus 1, Ohio 


engi- 
positions 
independent 
Promotional 


progressive 


tions 

















REPLIES (Bor No 
NEW YORK: 330 W t 
CHICAGO: 520 N. Michigan Ave 11 
SAN FRANCISCO: 68 Poat St. (4 


nearest you 








able for New York, New 


Want more information? 


POSITION WANTED 


SALES—APPLICATION _ positior 

mentation. 31 years old, B.S.E.E. with years rad 
ation experience Familiar with radiation health 
physics, isotope applications and techniques and all 
Phases of industrial radiography PW-3465, Nu 
cleonics 


nuclear instru- 








SELLING OPPORTUNITY WANTED 


SALES ENGINEERING Organization 
ers Representatives) 


( Manufactur- 
Equipment specialists. Avail- 
Jersey, Eastern Pennsyl- 
vania. Exceptional technical backgrounds and sales 
records for Industrial, Research and Nuclear equip- 
ment and instruments. RA-3592, Nucleonics 





ELECTRONIC ENGRS 
& PHYSICISTS 
Youcanbe SURE ... 


of a lifetime oppty. 


If it's 


WESTINGHOUSE 


Our Expanding Tube Division Offers 
Good Opportunity for Professional 
Progress, and a Pleasant Life, amid 
New York State's Resort Lake-land | | 

TUBE DESIGNERS: Any of these fields: Micro 

wave tubes, receiving tubes, solid-stote de 
vices, image orthicon, traveling wave tubes 

APPLICATION ENGRS: Circuit exp. in one of 

these fields helpful: Radio, TV, VHF, sem 
conductors, sweep circuits 

PRODUCTION ENGRS 

! For black-&-white and color TY manufac 

Knowledge photo-sensitized screens, 

silk screens or printed screens desirable 


turing 


For power-tube operations, including mag 
netrons, 
tors 

For Quality Control. Elec 
background desirable 


micro-waves and semi-conduc 
Engineer ing 


Interview expenses paid. Send resume 


WESTINGHOUSE ELEC. CORP. 


P. O. Box 284 Elmira, N.Y. 











USED—RECONDITIONED 
NUCLEONIC EQUIPMENT 


Keleket Alpha Scalers and Chambers 
Telemark Neutron Monitors 
Dosimeters, Speed Counters etc. 
quality at substantial savings 
ENGINEERING ASSOCIATES 
434 Patterson Rood Dayton 9, Ohio 
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replacing GLASS 


Allen-Bradley Company 93 


with T F F L 0 \ Allied Radio Company 71 
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3rd Cover 
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Chemelec Stand-Off 





Minneapolis-Honeywell Reg- 

and Feed-Through Insulators ee 
4th Cover 
National Radiac, Inc.. . 83 

@ Tough, resilient TEFLON made @ TEFLON’s superior insulating Nuclear Development Asso- 
these miniatures possible—and characteristics made these minia- ciates, Inc... . 68 


insulated tures possible—and BETTER— Nuclear Instrument & Chemi- 


BETTER—than _ glass- 







components. 

COMPRESSION MOUNTING, with- 
out breakage. 

WITHSTAND SHOCK and vibration 
in service. 

NO ADDITIONAL 
NEEDED. 
ASSEMBLY COSTS GREATLY RE- 
DUCED. 

THE PLASTIC'S "MEMORY" securel) 


HARDWARE 


place. Minimum pull test 10 Ibs 
insulator to deck, 
to insulator. 
MINIATURIZATION is easily 
accomplished 


hardware 


INVESTIGATE Chemelec Stand-Off and Feed-Through 


superior service and lower assembly 


SEVEN STOCK SIZES, including sub-mir 
WRITE for Chemelee Bulletin EC-115 


STATES 
GASKET 
COMPANY | - 


UNITED | FLUOROCARBON Cs) 
PRODUCTS, INC., DIVISION 
CAMDEN 1 + NEW JERSEY 


Representctives 
Cities Throvghowt the World 


especially for high frequency, high 
voltage or current, high tempera- 
ture service, 


HIGHER surface and volume 

resistivity. 

LOWER loss factor and dielectric 

constant. 

HIGHER dielectric strength. 

WIDER service temperature range 
110° F to + 500° F). 

ZERO water absorption (A.S.T.M. 

Tost 

WON'T CARBONIZE under arcing 

or DC-plate 


i Insulators for 


costs 


iatures. Other dimensions feasible. 
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Penberthy Instrument Co... .96 


Penfield Mfg. Co., Inc. ..70 
Searchlight Section. . . mh 
Solar Aircraft Corp. 2 


Stokes Machine Co. F.J. 
Technical Measurement Corp.86 
Technical Service Corp..... .94 


Victoreen Instrument Co... .84 
Waterman Products Co., Inc. 69 
Welch Scientific Co. W.M.. .86 
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CLEONICS assumes no responsibility for 
errors or omissions. 
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Nuclear Measurements Corp .92 


. 61 


United States Gasket Co... .98 
United States Radium Corp. .72 


White Dental Mfg Co. S.S.. .95 


This index is published as a conven- 
ience to the readers. Every care is 
taken to make it accurate, but NU- 
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ATOMIC’S new eM 





The Model 810 Scintillation Counter, powered by 
Atomic’s Model 312 Precision High Voltage 
Supply, has a linear output which feeds into a 
Model 218 Linear Amplifier, a Model 510 Single 
Channel Pulse Height Analyzer, and a Model 
1030A Scaler for pulse height analysis research. 


Move. 810 











For complete details on the Model 810 Bench-Type Scintillation Counter please request Bulletin 810-1 


SALES_ REPRESENTATIVES 
AID) l N S T R U M E N T H. E. RANSFORD CO. — 2601 Grant Bidg., Pittsburgh 19, Pa. 
C Oo M P A N Y W. A. BROWN & ASSOCIATES — Alexandria, Virginia 








Branch Offices — throughout Southeastern U.S 
84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS PACKARD INSTRUMENT CO. — P.O. Box 428, LaGrange, II! 
KITTLESON COMPANY — Los Angeles 46, Calif 
Linear Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, aa a — 
Count Rate Meters, Coincidence and Anticoincidence Instruments, STRAUS-FRANK COMPANY, Eng. Prod. Div. — Houston, Texas 
CANADIAN MARCONI CO. — Montreal, P.Q. 
Branch Offices—Toronto—W innipeg—Vancouver—Holifox 








Differential Pulse Height analyzers, Accessories. 


Want more information? Use post card insert in this issue 
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Now...the answer to high-resolution recording of test data 


... the Extended Range Zlectranik Recorder 


Closeup of indicating scale. Upper pointer shows 
millivolts withinthe span ;lower pointer indicates 
millivolts to be added. Total reading: 4.58 mv. 





Desicnep especially for recording variables 
which change over a wide range, this new E/ec- 
troniK instrument records on a chart effectively 
55 inches in width. It has five equal measuring 
spans. Whenever the variable being measured 


reaches either the upper or lower limit of one of 


these ranges, the instrument automatically steps 
to the adjoining range and continues recording. 
Two indicating pointers show the range in use 
and the value within the range. Connected to 
each pointer is a pen; one draws a purple record 
showing the range, the other draws a red record 
of the variable itself. To get the complete read- 
ing, you simply add both pen or pointer indica- 
tions. 

The complete range is 10.2 millivolts, in five 


2-millivolt steps with an extra 0.2 millivolts on 
the high end of each span to provide an overlap 
that facilitates measurements near the change- 
over point. Pen speed of 4! seconds full scale 
affords rapid response to quickly changing vari- 
ables. 


You'll find this new instrument particularly valu- 
able in strain gage measurements and in dozens 
of other uses where high resolution aids interpre- 
tation of data. Your nearby Honeywell sales engi- 
neer will be glad to discuss your specific applica- 
tion ... and he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Data Sheet No. 10.0-18, ‘Extended Range Recorder.”’ 
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